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THE 


PREFACE 

TO  THE 

FIRST  EDITION. 

IN  writing  the  Hi  ft  or y  and  Prefent  State 
of  Electricity^  I  flatter  myfelf  that  I  fhall 
give  pleafure,  as  well  to  perfons  who  have 
a  tafte  for  Natural  Philofophy  in  general,  as 
to  electricians  in  particular ;  and  I  hope  the 
work  will  be  of  fome  advantage  to  the 
fcience  itfelf.  Both  thefe  ends  would  cer¬ 
tainly  be  anfwered  in  a  confiderable  degree, 
were  the  execution  at  all  anfwerable  to  the 
defign. 

The  PXiftory  of  Ele&ricity  is  a  field  full 
of  pleafing  objects,  according  to  all  the  ge¬ 
nuine  and  univerfal  principles  of  tafte,  de¬ 
duced  from  a  knowledge  of  human  nature. 
Scenes  like  thefe,  in  which  we  fee  a  gradual 
rife  and  progrefs  in  things,  always  exhibit  a 
pleafing  fpedfacle  to  the  human  mind.  Na¬ 
ture,  in  all  her  delightful  walks,  abounds 
with  fuch  views,  and  they  are  in  a  more 
efpecial  manner  connected  with  every  thing 
that  relates  to  human  life  and  happinefs ; 
things,  in  their  own  nature,  the  moft  inte- 
refting  to  us.  Hence  it  is,  that  the  power 
of  afTociation  has  annexed  crouds  of  pleafing 
fenfations  to  the  contemplation  of  every  ob- 
jeft,  in  which  this  property  is  apparent, 
Vol.I.  a  This 
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This  pleafure,  like  wife,  bears  a  confider- 
able  refemblance  to  that  of  the  lublime,  which 
is  one  of  the  moft  exquifite  of  all  thofe  that 
affed  the  human  imagination.  For  an  objed 
in  which  we  fee  a  perpetual  progrefs  and  im¬ 
provement  is,  as  it  were,  continually  rifing 
in  its  magnitude;  and  moreover,  when  we 
fee  an  adual  increafe,  in  a  long  period  of 
time  paft,  we  cannot  help  forming  an  idea  of 
an  unlimited  increafe  in  futurity ;  which  is  a 
profped  really  boundlefs,  and  fublime. 

The  pleafures  arifing  from  views  exhibited 
in  civil,  natural ,  and  philoj opine al  hiftory,  are, 
in  certain  refpeds,  different  from  one  an¬ 
other.  Each  has  its  advantages,  and  each  its 
defeds:  and  both  their  advantages  and  de- 
feds  contribute  to  adapt  them  to  different 
claffes  of  readers. 

Civil  hiftory  prefents  us  with  views  of 
the  ftrongeft  paflions  and  fentiments  of  the 
human  mind,  into  which  every  man  can  eafi- 
ly  and  perfedly  enter,  and  with  fuch  inci¬ 
dents,  refpeding  happinefs  and  mifery,  as  we 
cannot  help  feeling,  would  alarm  and  affed 
us  in  a  very  fenfible  manner ;  and  therefore, 
we  are  at  prefent  alarmed  and  affeded  by 
them  to  a  confiderable  degree.  Hence  the 
pleafure  we  receive  from  civil  hiftory  arifes, 
chiefly  from  the  exercife  it  affords  our  paf- 
fions.  The  imagination  is  only  entertained 
with  feenes  which  occafionally  ftart  up,  like 
interludes,  or  epifodes,  in  the  great  drama, 
to  which  we  are  principally  attentive.  We 
are  prefented,  indeed,  with  the  profped  of 
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gradual  improvement  during  the  rife  of  great 
empires ;  but,  as  we  read  on,  we  are  oblig¬ 
ed  to  contemplate  the  dilagreeable  reverie. 
And  the  hiftory  of  mod  ftates  prefents  nothing 
but  a  tedious  uniformity,  without  any  ftrik- 
ing  events,  to  diverfify  and  embellifti  the 
profpeCt.  Befides,  if  a  man  have  any  fenti- 
ment  of  virtue  and  benevolence,  he  cannot 
help  being  fhocked  with  a  view  of  the  vices 
and  miferies  of  mankind ;  which,  though 
they  be  not  all,  are  certainly  the  mod  glar¬ 
ing  and  f!:riking  objects  in  the  hiftory  of  hu¬ 
man  affairs.  An  attention,  indeed,  to  the 
conduct  of  divine  Providence,  which  is  ever 
bringing  good  out  of  evil,  and  gradually 
conducting  things  to  a  more  perfect  and  glo¬ 
rious  ftate,  tends  to  throw  a  more  agreeable 
light  on  the  more  gloomy  parts  of  hiftory; 
but  it  requires  great  ftrength  of  mind  to 
comprehend  thofe  views ;  and,  after  all,  the 
feelings  of  the  heart  too  often  overpower  the 
conclufions  of  the  head. 

Natural  hiftory  exhibits  a  boundlefs 
variety  of  fcenes,  and  yet  infinitely  ana¬ 
logous  to  one  another.  A  naturalift  has, 
confequently,  all  the  pleafure  which  the  con¬ 
templation  of  uniformity  and  variety  can 
give  the  mind ;  and  this  is  one  of  the  moft 
copious  fources  of  our  intellectual  pleafures. 
He  is  likewife  entertained  with  a  profpeCt  of 
gradual  improvement,  while  he  fees  every 
objeCt  in  nature  rifing  by  due  degrees  to  its 
maturity  and  perfection.  And  while  new 
plants,  new  animals,  and  new  fofiils  are  per- 
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petually  pouring  in  upon  him,  the  moft  pleaf- 
.ing  views  of  the  unbounded  power,  wifdom, 
and  goodnefs  of  God  are  conftantly  prefent 
to  his  mind.  But  he  has  no  direct  view  of 
human  fentiments  and  human  addons  ;  which, 
by  means  of  their  endlefs  alTociations,  great¬ 
ly  heighten  and  improve  all  the  pleafures  of 
tafte. 

The  biftory  of  philofophy  enjoys,  in  fome 
meafure,  the  advantages  both  of  civil  and 
natural  hiftory,  whereby  it  is  relieved  from 
what  is  moft  tedious  and  difgufting  in  both* 
Philofophy  exhibits  the  powers  of  nature,  dis¬ 
covered  and  direded  by  human  art.  It  has, 
therefore,  in  fome  meafure,  the  boundlefs 
variety  with  the  amazing  uniformity  of  the 
one,  and  likewife  every  thing  that  is  pleafing 
and  interefling  in  the  other.  And  the  idea 
of  continual  rife  and  improvement  Is  confpi- 
cuous  in  the  whole  ftudv,  whether  we  be  at¬ 
tentive  to  the  part  which  nature,  or  that  which 
men  are  ading  in  the  great  fceiie. 

It  is  here  that  we  fee  the  human  under¬ 
fund  mg  to  its  greateft  advantage,  grafping 
at  the  nobleft  objeds,  and  increafmg  its  own 
powers,  by  acquiring  to  itfelf  the  powers  of 
nature,  and  direding  them  to  the  accom- 
plilhment of  Its  own  views;  whereby  the  fe~ 
curity,  and  happinefs  of  mankind  are  daily 
improved.  Human  abilities  are  chiefly  con- 
fpicuous  in  adapting  means  to  ends,  and  in 
deducing  one  thing  from  another  by  the  me¬ 
thod  of  analogy ;  and  where  fhall  we  find 
inftances  of  greater  fagacity,  than  in  philo- 
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fophers  diversifying  the  fituations  of  things, 
in  order  to  give  them  an  opportunity  of 
fhowing  their  mutual  relations,  affections, 
and  influences ;  deducing  one  truth  and  one 
difcovery  from  another,  and  applying  them 
all  to  the  ufeful  purpofes  of  human  life. 

If  the  exertion  of  human  abilities,  which 
cannot  but  form  a  delightful  fpedacle  for  the 
human  imagination,  give  us  pleafure,  we 
enjoy  it  here  in  a  higher  degree  than  while 
we  are  contemplating  the  fchemes  of  war¬ 
riors,  and  the  ftratagems  of  their  bloody  art. 
Befides,  the  objeCt  of  philofophical  pdrfuits 
throws  a  plea  ling  idea  upon  the  fcenes  they 
exhibit;  whereas  a  reflection  upon  the  real 
objeCts  and  views  of  molt  ftatefmen  and  con¬ 
querors  cannot  but  take  from  the  pleafure, 
which  the  idea  of  their  fagacity,  fore  fight, 
and  comprehension  would  other  wife  give  to 
the  virtuous  and  benevolent  mind,  Laftly, 
the  investigation  of  the  powers  of  nature, 
like  the  ftudy  of  Natural  Hiftory,  is  perpe¬ 
tually  fugge fling  to  us  views  of  the  divine 
perfections  and  providence,  which  are  both 
pleating  to  the  imagination,  and  improving 
to  the  heart. 

But  though  other  kinds  of  hiftory  may, 
in  feme  refpects,  vie  with  that  of  phllofophy, 
nothing  that  comes  under  the  denomination 
of  hiftory  can  exhibit  inftances  of  fo  fine  a 
rife  and  improvement  in  things,  as  we  fee  in 
the  prog-refs  of  the  human  mind,  in  philo¬ 
fophical  inveftigations.  To  whatever  height 
we  have  arrived  in  natural  fcience,  our  be- 
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ginnings  were  very  low,  and  our  advances 
have  been  exceedingly  gradual.  And  to  look 
down  from  the  eminence,  and  to  fee,  and 
compare  all  thofe  gradual  advances  in  the 
afcent,  cannot  but  give  the  greateft  pieafure 
to  thofe  who  are  feated  on  the  eminence,  and 
who  feel  all  the  advantages  of  their  elevated 
fituation.  And  confidering  that  we  ourfelves 
are,  by  no  means,  at  the  top  of  human 
feience ;  that  the  mountain  ftill  afcends  be¬ 
yond  our  fight,  and  that  we  are,  in  fa  d,  not 
much  above  the  foot  of  it,  a  view  of  the 
manner  in  which  the  afcent  has  been  made, 
cannot  but  animate  us  in  our  attempts  to  ad¬ 
vance  ftill  higher,  and  fuggeft  methods 
and  expedients  to  aftift  us  in  our  farther 

Great  conquerors,  we  read,  have  been 
both  animated,  and  alfo,  in  a  great  meafure, 
formed  by  reading  the  exploits  of  former 
conquerors.  Why  may  not  the  fame  effed 
be  expeded  from  the  hiftory  of  philofophy 
to  phi lofophers  ?  May  not  even  more  be  ex¬ 
peded  in  this  cafe  ?  The  wars  of  many  of 
thofe  conquerors,  who  received  this  advan¬ 
tage  from  hiftory,  had  no  proper  connedion 
with  former  wars  :  they  were  only  analogous 
to  them/  Whereas  the  whole  buftnefs  of 
philofophy,  diverlified  as  it  is,  is  but  one  ; 
it  being  one  and  the  fame  great  fcheme,  that 
all  philofophers,  of  all  ages  and  nations, 
have  been  conduding,  from  the  beginning  of 
the  world ;  fo  that  the  work  being  the  fame,  the 
labours  ot  one  are  not  only  analogous  to  thofe 
V  of 
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of  another,  but  in  an  immediate  manner  fub~ 
fervient  to  them ;  and  one  philofopher  fuc- 
ceeds  another  in  the  fame  field  ;  as  one  Ro¬ 
man  proconful  fucceeded  another  in  carry¬ 
ing  on  the  fame  war,  and  purfuing  the  fame 
conquefts,  in  the  fame  country.  In  this  cafe, 
an  intimate  knowledge  of  what  has  been  done 
before  us  cannot  but  greatly  facilitate  our  fu¬ 
ture  progrefs,  if  it  be  not  abfolutely  neceffary 
to  it. 

These  hiftories  are  evidently  much  more 
neceffary  in  an  advanced  ftate  of  fcience,  than 
in  the  infancy  of  it.  At  prefent  philofophi- 
cal  difcoveries  are  fo  many,  and  the  accounts 
of  them  are  fo  difperfed,  that  it  is  not  in  the 
power  of  any  man  to  come  at  the  knowledge 
of  all  that  has  been  done,  as  a  foundation  for 
his  own  inquiries.  And  this  circum fiance  ap¬ 
pears  to  me  to  have  very  much  retarded  the 
progrefs  of  difcoveries. 

Not  that  I  think  philofophicai  difcoveries 
are  now  at  a  fcand.  On  the  other  hand,  as 
quick  advances  feem  to  have  been  made  of 
late  years,  as  in  any  equal  period  of  time 
paft  whatever.  Nay,  it  appears  to  me,  that 
the  progrefs  is  really  accelerated.  But  the 
increafe  of  knowledge  is  like  the  increafe  of 
a  city.  The  building  of  feme  of  the  firft 
llreets  makes  a  great  figure,  is  much  talked 
of,  and  known  to  every  body  ;  whereas  the 
addition  of,  perhaps,  twice  as  much  build¬ 
ing,  after  it  has  been  fwelled  to  a  confider- 
able  fize,  is  not  fo  much  as  taken  notice  of, 
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and  may  be  really  unknown  to  many  of  the 
inhabitants.  If  the  additions  which  have 
been  made  to  the  buildings  of  the  city  of 
London,  in  any  fingle  year  of  late,  had  been 
made  two  or  three  centuries  ago,  it  could  not 
have  efcaped  the  obfervation  of  hiftorians  ; 
whereas,  now,  they  are  fo  fcattered,  and  the 
proportion  they  bear  to  the  whole  city  is  fo 
frnalft  that  they  are  hardly  noticed.  For  the 
fame  reafon,  the  improvements  that  boys 
make  at  fchool,  or  that  young  gentlemen 
make  at  an  academy,  or  the  uni.verfity,  are 
more  taken  notice  of  than  all  the  knowledge 

o 

they  acquire  afterwards,  though  they  con¬ 
tinue  their  ftudies  with  the  fame  aihduity  and 
fuccefs. 

The  hiftory  of  experimental  philofophy, 
in  the  manner  in  which  it  ought  to  be  writ- 
ten,  to  be  of  much  ufe5  would  be  an  immenfe 
work;  but  it  were  much  to  be  wifhed,  that 
perfons  who  have  leifure,  and  fufficient  abi¬ 
lities,  would  undertake  it  in  feparate  parts. 
I  have  executed  it,  in  the  heft  manner  I  have 
been  able,  for  that  branch  which  has  been  ray 
own  favourite  amufement ;  and  I  fir  all  think 
myfelf  happy,  if  the  attempt  excite  other 
perfons  to  do  the  like  for  theirs. 

1  cannot  help  thinking  myfelf  to  have 
been  peculiarly  fortunate,  in  undertaking  the 
hiftory  of  electricity,  at  the  moft  proper  time 
for  writing  it,  when  the  materials  were 
neither  too  few,  nor  too  many  to  make  a 
hiftory;  and  when  they  were  fo  fcattered,  as 
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to  make  the'  undertaking  highly  defin 
and  the  work  peculiarly  uleful  to  Eng 
men. 

I  likewise  think  myfelf  exceedingly 
happy  in  my  fubjedt  itfelf.  Few  branches  of 
Natural  Philofophy  would,  I  think,  make  fo 
good  a  fubjed:  for  a  hiftory.  Few  can  boaft 
inch  a  number  of  difcoveries,  difpofed  in  fo 
fine  a  feries,  all  comprifed  in  fo  fhort  a  fpace 
of  time,  and  all  fo  recent,  the  principal  ac¬ 
tors  in  the  fcene  being  (till  living. 

With  feveral  of  thefe  principal  a&ors  it 
has  been  my  lingular  honour  and  happinels 
to  be  acquainted  ;  and  it  was  their  approba¬ 
tion  of  my  plan,  and  their  generous  encou¬ 
ragement  that  induced  me  to  undertake  the 
work.  With  gratitude  I  acknowledge  my 
obligations  to  Dr.  Watfon,  Dr,  Franklin,  and 
Mr.  Canton,  for  the  books,  and  other  mate¬ 
rials  with  which  they  have  fuppiied  me,  and 
for  the  readinefs  with  which  they  have  given 
me  any  information  in  their  power  to  pro¬ 
cure.  In  a  more  efpecia!  manner  am  I  oblig¬ 
ed  to  Mr.  Canton,  for  thofe  original  commu¬ 
nications  of  his,  which  will  be  found  in  this 
work,  and  which  cannot  fail  to  uive  a  value 
to  it,  in  the  efteem  of  all  the  lovers  of  eleciri- 
city.  My  grateful  acknowledgements  are  al- 
fo  due  to  the  Rev.  Dr.  Price,  F.  R.S.  and.  to 
the  Rev.  Mr.  Holt,  our  profeffor  of  Natural 
Philofophy  at  Warrington,  for  the  attention 
they  have  given  to  the  work,  and  for  the  many 
important  fer vices  they  have  rendered  me  with 
refp.edt  to  it. 
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To  the  gentlemen  above  mentioned  the 
public  is,  like  wife,  indebted  for  whatever 
they  may  think  of  value  in  the  original  expe¬ 
riments  which  I  have  related  of  my  own.  It 
was  from  converting  with  them  that  I  was 
firft  led  to  entertain  the  thought  of  attempt¬ 
ing  any  thing  new  in  this  way,  and  it  wras 
their  example,  and  favourable  attention  to 
my  experiments,  that  animated  me  in  the 
purfuit  of  them.  In  fhort,  without  them, 
neither  my  experiments,  nor  this  work  w'ould 
have  had  any  exigence. 

The  hiftorical  part  of  this  work,  the 
reader,  I  hope  will  find  to  be  full  and  circum- 
ftantial,  and  at  the  fame  fuccinfl:.  Every 
newT  fadt,  or  important  circumflance,  I  have 
noted  as  it  arofe  •,  but  I  have  abridged  all 
long  details,  and  have  carefully  avoided  all 
digreffions  and  repetitions.  For  this  purpofe, 
I  have  perufed  every  original  author,  to 
which  I  could  have  recourfe  ;  and  every  quo¬ 
tation  in  the  margin  points  to  the  authority 
that  I  myfelf  confulted,  and  from  which  the 
account  in  the  text  wras  actually  taken. 
Where  I  could  not  procure  the  original  au¬ 
thors,  I  was  obliged  to  quote  them  at  fecond 
hand,  but  the  reference  will  alwrays  fhow 
where  that  has  been  done.  That  I  might  not 
mifreprefent  any  writer,  I  have  generally 
given  the  reader  his  own  words,  or  the 
plained:  tranflation  I  could  make  of  them  ; 
and  this  I  have  done,  not  only  in  diredl  quo¬ 
tations,  but  where,  by  a  change  of  perfon,  I 
have  made  the  language  my  own. 
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I  made  it  a  rule  to  myfelf,  and  I  think  I 
have  conftantlv  adhered  to  it,  to  take  no  no¬ 
tice  of  the  miftakes,  mifappreheniions,  and 
altercations  of  electricians ;  except  fo  far  as* 

I  apprehended,  a  knowledge  of  them  might 
be  ufeful  to  their  fucceffors.  All  the  difputes 
which  have  no  way  contributed  to  the  difco- 
very  of  truth,  I  would  gladly  confign  to  eter¬ 
nal  oblivion.  Did  it  depend  upon  me,  it 
fhould  never  be  known  to  pofterity,  that  there 
had  ever  been  any  fuch  thing  as  envy,  jea- 
loufy,  or  cavilling  among  the  admirers  of 
my  favourite  ftudy,  I  have,  as  far  as  my 
bed  judgment  could  direCt  me,  been  juft  to 
the  merits  of  all  perfons  concerned.  If  any 
have  made  unjuft  claims,  by  arrogating  to 
themfelves  the  dilcoveries  of  others,  I  have 
filently  reftored  them  to  the  right  owner,  and 
generally  without  fo  much  as  giving  a  hint 
that  any  injuftice  had  ever  been  committed. 
If  I  have,  in  any  cafe,  given  a  hint,  I  hope 
it  will  be  thought,  by  the  offending  parties 
themfelves,  to  be  a  very  gentle  one ;  and  that 
it  will  be  a  memento ,  which  will  not  be  with¬ 
out  its  ufe. 

I  think  I  have  kept  clear  of  any  mean 
partiality  towards  my  own  countrymen,  and 
even'  my  own  acquaintance.  If  Englifh  au¬ 
thors  are  oftener  quoted  than  foreign,  it  is  be- 
caufe  they  were  more  eafily  procured;  and  I 
have  found  a  difficulty  I  could  not  have  ex¬ 
pected,  in  procuring  foreign  publications  up¬ 
on  this  fubjeCt. 
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I  find  it  impoffible  to  write  a  preface  to 
this  work,  without  difcovering  a  little  of  the 
enthufiafm  which  I  have  contracted  from  an 
attention  to  it,  by  expreffing  my  wifhes,  that 
more  perfons,  of  a  ftudious  and  retired  life, 
would  admit  this  part  of  experimental  philo- 
fophy  into  their  ftudies.  They  would  find  it 
agreeably  to  diver fify  a  courfe  of  ftudy,  by 
mixing  fomethirig  of  adtion  with  fpeculation, 
and  giving  fome  employment  to  the  hands 
and  arms,  as  well  as  to  the  head.  Electrical 
experiments  are,  of  all  others,  the  cleaneft, 
and  the  moft  elegant,  that  the  compafs  of 
philofophy  exhibits.  They  are  performed 
with  the  leaf!:  trouble,  there  is  an  amazing 
variety  in  them,  they  fiirnifh  the  moft  pleat¬ 
ing  and  ftirprifmg  appearances  for  the  enter¬ 
tainment  of  one5s  friends,  and  the  expence  of 
instruments  may  well  be  fupplied,  by  a  pro¬ 
portionable  deduction  from  the  pur  chafe  of 
books,  which  are  generally  read  and  laid 
aiide,  without  yielding  halt  the  entertain¬ 
ment. 

The  i  nft  r  lift  ion  we  are  able  to  get  from 
hooks  is,  comparatively,  foon  exhauited ; 
but'philoibphical  inftruments  are  an  end  left 
fund  of  knowledge.  By  philofophical  in¬ 
ftruments,  however,  I  do  not  here  mean  the 
globes,  the  orrery,  and  others,  which  are 
only  the  means  which  ingenious  men  have 
hit  upon,  to  explain  their  own  conceptions  of 
things  to  others ;  and  which,  therefore,  like 
books,  have  no  ufes  more  extenftve  than  the 
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views  of  human  ingenuity  ;  but  fuch  as  the 
air-pump,  condeniing  engine,  pyrometer, 
&c  (with  which  ele&rical  machines  are  to  be 
ranked)  and  which  exhibit  the  operations  of 
nature,  that  is  of  the  God  of  nature  himfelf, 
which  are  infinitely  various.  By  the  help  of 
thefe  machines,  we  are  able  to  put  an  endlefs 
variety  of  things  into  an  endlefs  variety  of 
iituations,  while  nature  herfelf  is  the  agent 
that  fhows  the  refult.  Hereby  the  laws  of 
her  addon  are  obferved,  and  the  moft  impor¬ 
tant  difcoveries  may  be  made;  fuch  as  thofe 
who  ftrft  contrived  the  infirument  could  have 
no  idea  of. 

In  electricity,  in  particular,  there  is  the 
greateft  room  to  make  new  difcoveries.  It  is 
a  field  but  juft  opened,  and  requires  no  great 
ftock  of  particular  preparatory  knowledge  : 
fo  that  any  perfon  who  is  tolerably  well  verfed 
in  experimental  philofophy,  may  prefently  be 
upon  a  level  with  the  moft  experienced  elec¬ 
tricians.  Nay,  this  hiftory  fhows,  that  feve- 
ral  raw  adventurers  have  made  themfelves  as 
considerable,  as  fome  who  have  been,  in 
other  refpeCts,  the  greateft  philofophers.  I 
need  not  tell  my  reader  of  how  great  weight 
this  confideration  is,  to  induce  him  to  pro¬ 
vide  himfelf  with  an  ele'Clrical  apparatus.  The 
pleafure  arifrng  from  the  moft  trifling  difco¬ 
veries  of  one’s  own,  far  exceeds  what  we  re¬ 
ceive  from  underftanding  the  much  more  im¬ 
portant  difcoveries  of  others ;  and  a  mere 
reader  has  no  chance  of  finding  new  truths, 
in  companion  of  him  who  now  and  then 
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amufes  himfelf  with  philofophical  experi¬ 
ments. 

Human  happinefs  depends  chiefly  upon 
having  fome  objed  to  purfue,  and  upon  the 
vigour  with  which  our  faculties  are  exerted 
in  the  purfuit.  And,  certainly,  we  muft  be 
much  more  interefted  in  purfuits  wholly  our 
own,  than  when  we  are  merely  following  the 
track  of  others.  Befides,  this  pleafure  has  re¬ 
inforcements  from  a  variety  of  fources,  which 
I  fhall  not  here  undertake  to  trace ;  but 
which  contribute  to  heighten  the  fenfation, 
far  beyond  any  thing  elfe  of  this  kind  that 
can  be  experienced  by  a  perfon  of  a  fpecula- 
tive  turn  of  mind. 

It  is  a  great  recommendation  of  the  ftudy 
of  electricity,  that  it  now  appears  to  be,  by 
no  means,  a  fmall  objed.  The  eledric  fluid 
is  no  local,  or  occafional  agent  in  the  theatre 
of  the  world.  Late  difcoveries  (how  that  its 
prefence  and  effeds  are  every  where,  and 
that  it  ads  a  principal  part  in  the  grandeft 
and  molt  interefting  fcenes  of  nature.  It  is 
not,  like  magnetifm,  confined  to  one  kind  of 
bodies,  but  every  thing  we  know  is  a  con- 
dudor  or  non-condudor  of  eledricity.  Thefe 
are  properties  as  eflential  and  important  as 
any  they  are  poflefled  of,  and  can  hardly 
fail  to  ihow  themfelves  wherever  the  bodies 
are  concerned. 

Hitherto  philofophy  has  been  chiefly 
converfant  about  the  more  fenfible  proper¬ 
ties  of  bodies  ;  eledricity,  together  with  chy- 
miftry,  and  the  dodrine  of  light  and  colours, 
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feems  to  be  giving  us  an  inlet  into  their  in¬ 
ternal  ftruCture,  on  which  all  their  fenfible 
properties  depend.  By  pur  filing  this  new 
light,  therefore,  the  bounds  of  natural  fcience 
may  poffibly  be  extended,  beyond  what  we 
can  now  form  an  idea  of.  New  worlds  may 
open  to  our  view,  and  the  glory  of  the  great 
Sir  Ifaac  Newton  himfelf,  and  all  his  contem¬ 
poraries,  be  eclipfed,  by  a  new  fet  of  philo¬ 
sophers,  in  quite  a  new  field  of  fpeculation. 
Could  that  great  man  revifit  the  earth,  and 
view  the  experiments  of  the  prefent  race  of 
electricians,  he  would  be  no  lefs  amazed  than 
Roger  Bacon,  or  Sir  Francis,  would  have  been 
at  his.  The  eleCtric  fhock  itfelf,  if  it  be 
confidered  attentively,  will  appear  almoft  as 
furprifing  as  any  difcovery  that  he  made  ; 
and  the  man  who  could  have  made  that  dif¬ 
covery,  by  any  reafoning  a  priori ,  would 
have  been  reckoned  a  moll  extraordinary  ge¬ 
nius  :  but  eleCtrical  difcoveries  have  been 
made  fo  much  by  accident,  that  it  is  more 
the  powers  of  nature,  than  of  human  genius, 
that  excite  our  wonder  with  refpeCt  to  them. 
But  if  the  fimple  eleCtric  fhock  would  have 
appeared  fo  extraordinary  to  Sir  Ifaac  New¬ 
ton,  what  would  he  have  faid  upon  feeing 
the  effeCts  of  a  modern  eleCirical  battery,  and 
an  apparatus  for  drawing  lightning  from  the 
clouds  !  What  inexprcffible  pleafure  would  it 
give  a  modern  electrician,  were  the  thing 
poffible,  to  entertain  fuch  a  man  as  Sir  Ifaac 
for  a  few  hours  with  his  principal  experi¬ 
ments  ! 
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To  return  from  this  excurfion  to  the  bufi- 
nefs  of  a  preface :  befides  relating  the  hiftory 
of  electrical  difcoveries,  in  the  order  in  which 
they  were  made,  I  thought  it  neceffary,  in 
order  to  make  the  work  more  ufeful,  efpeci- 
ally  to  young  electricians,  to  fubjoin  a  me¬ 
thodical  treatife  on  the  fubjeCt,  containing  the 
fubftance  of  the  hiftory  in  another  form,  with 
obfervations  and  inftruCtions  of  my  own.  The 
particular  ufes  of  thefe  parts  of  the  work  are 
expreffed  at  large  in  the  introductions  to 
them.  And,  in  the  laft  place,  I  have  given 
an  account  of  fuch  original  experiments  as 
I  have  been  fo  fortunate  as  to  hit  upon 
myfelf. 

I  in  title  the  work  the  Tlijlory  and  P 're- 
fent  State  of ’Electricity  ;  and  whether  there  be 
any  more  additions  of  the  whole  work  or  not, 
care  will  be  taken  to  preferve  the  propriety  of 
the  title,  by  occafionally  printing  addi¬ 
tions,  in  the  fame  iize,  as  new  difcoveries 
are  made ;  which  will  always  be  fold  at 
a  reafonable  price  to  the  pur  chafers  of  the 
book ;  or  given  gratis ,  if  the  bulk  be  incon- 
fiderable. 

Considering  what  refpeCtable  perfons 
have  already  honoured  this  work  with  their 
valuable  communications,  I  hope  it  will  not 
be  deemed  arrogance  in  me,  if  I  here  ad- 
vertife,  that  if  any  perfon  fhall  make  difco¬ 
veries  in  electricity,  which  he  would  chufe  to 
fee  recorded  in  this  hiftory,  he  will  oblige 
me  by  a  communication  of  them ;  and  if 
they  be  really  original,  a  proper  place  fiball 
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certainly  be  affigned  to  them  in  the  next  edi-* 
tion,  or  paper  of  additions.  And  I  hope  that* 
if  electricians  in  general  would  fall  into1 
this  method,  and  make  either  a  periodical, 
or  occafional,  but  joint  communication  of 
their  difcoveries  to  the  public,  the  gfeateft 
advantage  would  thence  accrue  to  the 
fcience. 

The  bufinefs  of  philofophy  is  fo  multi¬ 
plied,  that  all  the  books  of  general  philofo- 
phical  tranfadions  cannot  be  purchafed  by 
many  perfons,  or  read  by  any  perfon.  It  is 
high  time  to  fubdivide  the  bufinefs,  that 
every  man  may  have  an  opportunity  of  fee¬ 
ing  every  thing  that  relates  to  his  owii 
favourite  purfuit ;  and  all  the  various  branches 
of  philofophy  would  find  their  account  in 
this  amicable  reparation.  Thus  the  numer¬ 
ous  branches  of  a  large  overgrown  family,  in 
the  patriarchal  ages,  found  it  neceffary  to  fe- 
parate  ;  and  the  convenience  of  the  whole,  and 
the  ftrength,  and  increafe  of  each  branch 
were  promoted  by  the  reparation.  Let  the 
youngeft  daughter  of  the  fcience  fet  the  ex« 
ample  to  the  reft,  and  fliow  that  Ihe  thinks 
herfelf  confiderable  enough  to  make  her  ap-* 
pearance  in  the  world  without  the  company 
of  her  lifters. 

But  before  this  general  fepafation,  let 
each  colleCt  together  every  thing  that  belongs 
to  her,  and  march  off  with  her  whole  ftock* 
To  drop  the  allufion  :  let  hiftories  be  written 
of  all  that  has  been  done  in  every  particular 
branch  of  fcience,  and  let  the  whole  be  feen 
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at  one  view.  And  when  once  the  entire  pro* 
grefs,  and  prefent  ftate  of  every  fcience  fhali 
be  fully  and  fairly  exhibited,  I  doubt  not  but 
we  fhali  fee  a  new  and  capital  ter  a  commence 
in  the  hiftory  of  all  the  fciences.  Such  an 
eafy,  full,  and  comprehenfive  view  of  what 
has  been  done  hitherto  could  not  fail  to  give 
new  life  to  philofophical  inquiries.  It  would 
fuggeft  an  infinity  of  new  experiments,  and 
would  undoubtedly  greatly  accelerate  the  pro- 
grefs  of  knowledge;  which  is  at  prefent  re¬ 
tarded,  as  it  were,  by  its  own  weight,  and 
the  mutal  entanglement  of  its  feveral  parts. 

I  will  juft  throw  out  a  farther  hint,  of 
what,  I  think,  might  be  favourable  to  the 
Increafe  of  philofophical  knowledge.  At  pre¬ 
fent  there  are,  in  different  countries  in  Eu¬ 
rope,  large  incorporate  focieties,  with  funds 
for  promoting  philofophical  knowledge  in 
general.  Let  philofophers  now  begin  to  fub- 
divide  themfelves,  and  enter  into  fmaller  com¬ 
binations.  Let  the  feveral  companies  make 
fmall  funds,  and  appoint  a  director  of  expe¬ 
riments.  Let  every  member  have  a  right  to: 
appoint  the  trial  of  experiments  in  fome  pro¬ 
portion  to  the  fbm  he  fubfcribes,  and  let  a  pe¬ 
riodical  account  be  publiftied  of  the  refult  of 
them  all,  fuccefsful  or  unfuccefsful.  In  this, 
manner,  the  powers  of  all  the  members 
would  be  united  and  inereafed.  Nothing 
would  be  left  untried,  which  could  be  com  - 
paffed  at  a  moderate  expence,  and  it  being 
one  perfon's  bufmefs  to  attend  to  thefe  experi¬ 
ments,  they  would  be  made,  and  reported 
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Without  lofs  of  time.  Moreover,  as  all  in¬ 
corporations  in  thefe  fmaller  focieties  fhould 
be  avoided,  they  would  be  encouraged  only 
in  proportion  as  they  were  found  to  be  ufeful; 
and  fuccefs  in  fmaller  things  would  excite 
them  to  attempt  greater. 

I  by  no  means  difapprove  of  large,  general, 
and  incorporated  focieties.  They  have  their 
peculiar  ufes  too  5  but  we  fee  by  experience, 
that  they  are  apt  to  grow  too  large,  and  their 
forms  are  too  flow  for  the  difpatch  of  the  mi- 
nut  ice  ofbufinefs,  in  the  prefent  multifarious 
ftate  of  philofophy.  Let  fecourfe  be  had  to 
rich  incorporated  focieties,  to  defray  the  ex¬ 
pence  of  experiments*  to  which  the  funds  of 
fmaller  focieties  fhall  be  unequal.  Let  their 
tranfaftiofts  contain  a  fufnmary  of  the  more 
important  difcoveries,  collected  from  thd 
fmaller  periodical  publications.  Let  them,  by 
rewards,  and  other  methods,  encourage  thofe 
who  diftinguifh  themfelves  in  the  inferior  fo¬ 
cieties  ;  and  thus  give  a  general  attention  to 
the  whole  bufinefs  of  philofophy. 

I  wish  all  the  incorporated  philofophica! 
focieties  in  Europe  would  join  their  funds  (and 
I  wifh  they  were  fufficient  for  the  purpofe)  to 
fit  out  ihips  for  the  complete  difcovery  of  the 
face  of  the  earth,  and  for  many  capital  expe¬ 
riments  which  can  only  be  made  in  fuch  ex- 
tenfive  voyages. 

Princes  will  never  do  this  great  bufinefs 
to*  any  purpofe.  The  fpirit  of  adventure  fe£m$ 
to  be  totally  extinct  in  the  prefent  race  of 
merchants.  This  difcovery  is  a  grand  defide- 
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ratum  in  fcience  ;  and  where  may  this  pure 
and  noble  enthufiafm  for  fiieh  difcoveries  be 
expected  but  among  philofophers,  men  un¬ 
influenced  by  motives  either  of  policy  or 
gain  ?  Let  us  think  ourfelves  happy  if  princes 
give  no  obftruCtion  to  fuch  defigns.  Let 
them  fight  for  the  countries  when  they  are 
difcovered,  and  let  merchants  fcramble  for 
the  advantage  that  may  be  made  of  them.  It 
will  be  an  acquifition  to  philofophers  if  the 
feat  of  war  be  removed  fo  far  from  the  feat  of 
fcience ;  and  frefh  room  will  be  given  to  the 
exertion  of  genius  in  trade,  when  the  old 
beaten  track  is  deferted,  when  the  old  fyftem 
of  traffic  is  unhinged,  and  when  new  and 
more  extenfive  plans  of  commerce  take  place. 
I  congratulate  the  prefent  race  of  philofo¬ 
phers  on  what  is  doing  by  the  Englifh  court 
in  this  way  *  ;  for  with  whatever  view  ex¬ 
peditions  into  the  South  Seas  are  made,  they 
cannot  but  be  favourable  to  philofophy. 

Natural  Philosophy  is  a  fcience  which 
more  efpecially  requires  the  aid  of  wealth. 
Many  others  require  nothing  but  what  a  man’s 
own ’reflection  may  furnifh  him  with.  They 
who  cultivate  them  find  within  themfelves 
every  thing  they  want.  But  experimental 
philofophy  is  not  fo  independent.  Nature 
will  not  be  put  out  of  her  way,  and  fuffer  her 
materials  to  be  thrown  into  all  that  variety  of 
fituations  which  philofophy  requires,  in  or¬ 
der  to  difcover  her  wonderful  powers,  with-- 

*  Written  in  the  year  1766. 
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out  trouble  and  expence.  Hence  the  pa¬ 
tronage  of  the  great  is  effential  to  the  flou- 
r  idling  ftate  of  this  fcience.  Others  may  pro¬ 
ject  great  improvements,  but  they  only  have 
the  power  of  carrying  them  into  execution. 

Besides,  they  are  the  higher  claffes  of  men 
which  are  moft  interefted  in  the  extenfion  of 
all  kinds. of  natural  knowledge;  as  they  are 
moft  able  to  avail  themfelves  of  any  difcove- 
ries,  which  lead  to  the  felicity  and  embellish¬ 
ment  of  human  life.  Almoft  all  the  elegancies 
of  life  are  the  produce  of  thofe  polite  arts, 
which  could  have  had  no  exiftence  without 
natural  fcience,  and  which  receive  daily  im¬ 
provements  from  the  fame  fource.  From  the 
great  and  the  opulent,  therefore,  thefe  Sciences 
have  a  natural  claim  for  prote&ion ;  and  it  is 
evidently  their  intereft  not  to  fuffer  promifing 
inquiries  to  be  fufpended  for  want  of  the 
means  of  profecuting  them. 

But  other  motives,  befides  this  felfifh  one, 
may  reafonably  be  fuppofed  to  attach  perfons 
in  the  higher  ranks  of  life  to  the  Sciences ; 
motives  more  exalted,  and  flowing  from  the 
moft  extenflve  benevolence.  From  Natural 
Philofophy  have  flowed  all  thofe  great  in¬ 
ventions,  by  means  of  which  mankind  in  ge¬ 
neral  are  able  to  Sub  Si  ft  with  more  eafe,  and 
in  greater  numbers  upon  the  face  of  the  earth. 
Hence  arife  the  capital  advantages  of  men 
above  brutes,  and  of  civilization  above  barba¬ 
rity.  And  by  thefe  Sciences  alfo  it  is,  that 
the  views  of  the  human  mind  itfelf  are  en¬ 
larged,  and  our  common  nature  improved 
and  ennobled.  It  is  for  the  honour  of  the 
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fpecies,  therefore,  that  thefe  fclences  fhould  be 
cultivated  with  the  utmoft  attention. 

And  of  whom  may  thefe  enlarged  views? 
eomprehenfive  of  fuch  great  objeds,  be  ex- 
peded,  but  of  thofe  whom  divine  providence 
has  raifed  above  the  reft  of  mankind.  Being 
free  from  molt  of  the  cares  peculiar  to  indi¬ 
viduals,  they  may  embrace  the  interefts  of 
the  whole  fpecies,  feel  for  the  wants  of  man¬ 
kind,  and  be  concerned  to  fupport  the  dig¬ 
nity  of  human  nature. 

Gladly  would  I  indulge  the  hope,  that 
we  fhall  foon  fee  thefe  motives  operating  in  a 
more  extenfive  manner  than  they  have  hither¬ 
to  done ;  that  by  the  illuftrious  example  of  a 
few,  a  tafte  for  natural  fcience  will  be  excit¬ 
ed  in  many,  in  whom  it  will  operate  the  moft 
effedually  to  the  advantage  of  fcience  and  of 
the  world ;  and  that  all  kinds  of  philofophk- 
cal  inquiries  will,  henceforward,  be  condudr 
ed  with  more  feint,  and  with  more  fuccefs 
than  ever. 

Were  I  to  purfue  this  fubjed,  it  would 
carry  me  far  beyond  the  reafonable  bounds  of 
a  preface.  I  fhall  therefore  conclude  with 
mentioning  that  fentiment,  which  ought  tQ 
be  uppermoft  in  the  mind  of  every  philofo- 
pher,  whatever  be  the  immediate  objed  of 
his  purfuit ;  that  {peculation  is  only  of  ufe  as 
it  leads  to  pradiice ,  that  the  immediate  ufe 
of  natural  fcience  is  the  power  it  gives  us 
over  nature,  by  means  of  the  knowledge  we 
acquire  of  its  laws ;  whereby  human  life  is, 
in  its  prefent  ftate,  made  more  comfortable 
and  happy  5  but  that  the  greateft,  and  nobleft 
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ufe  of  philofophical  {peculation  is  the  difci- 
pline  of  the  heart,  and  the  opportunity  it  af¬ 
fords  of  inculcating  benevolent  and  pious  fen- 
timents  upon  the  mind. 

A  philosopher  ought  to  be  fomething 
greater,  and  better  than  another  man.  The 
contemplation  of  the  works  of  God  fhould 
give  a  fublimity  to  his  virtue,  fhould  expand 
his  benevolence,  extinguifh  every  thing  mean, 
bafe,  and  felfifh  in  his  nature,  give  a  dignity 
to  all  his  fentlments,  and  teach  him  to  afpire 
to  the  moral  perfeftions  of  the  great  author  of 
all  things.  What  great  and  exalted  beings 
would  philofophers  be,  would  they  but  let 
the  objeCts  about  which  they  are  converfant 
have  their  proper  moral  effedh  upon  their 
minds  !  A  life  fpent  in  the  contemplation  of 
the  productions  of  divine  power,  wifdom,  and 
goodnefs,  would  be  a  life  of  devotion.  The 
more  we  fee  of  the  wonderful  ftruChire  of  the 
world,  and  of  the  laws  of  nature,  the  more 
clearly  do  we  comprehend  their  admirable 
ufes,  to  make  all  the  percipent  creation  happy : 
a  fentiment,  which  cannot  but  fill  the  heart 
with  unbounded  love,  gratitude,  and  joy. 

Even  everything  painful  and  difagreeable 
in  the  world  appears  to  a  philofopher,  upon 
a  more  attentive  examination,  to  be  excellent¬ 
ly  provided,  as  a  remedy  of  fome  greater  in¬ 
convenience,  or  a  neceffary  means  of  a  much 
greater  happinefs ;  fo  that,  from  this  elevat¬ 
ed  point  of  view,  he  fees  all  temporary  evils 
and  inconveniences  to  vanifh,  in  the  glorious 
profpeCt  of  the  greater  good  to  which  they  are 
fubfervient.  Hence  he  is  able  to  venerate  and 
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rejoice  in  God,  not  only  in  the  bright  fun- 
fhine,  but  alfo  in  thedarkeft  fhades  of  nature, 
whereas  vulgar  minds  are  apt  to  be  difcon- 
certed  with  the  appearance  of  evil. 

No  R  is  the  cultivation  of  piety  ufeful  to  us 
only  as  men,  it  is  even  ufeful  to  us  as  philojb- 
phers :  and  as  true  philofophy  tends  to  pro¬ 
mote  piety,  fo  a  generous  and  manly  piety  is 
reciprocally,  fubfervient  to  the  purpofes  of  phi¬ 
lofophy  ;  and  this  both  in  a  direct  and  indirect 
manner.  While  we  keep  in  view  the  great 
final  caiife  of  all  the  parts  and  the  laws  of  na¬ 
ture,  we  have  fome  clue,  by  which  to  trace  the 
efficient  caufe.  This  is  moft  of  all  obvious  in 
that  part  of  philofophy  which  refpedts  the  ani¬ 
mal  creation.  As  the  great  and  excellent  Dr. 
Hartley  obferves.  <(  Since  this  world  is  a 
fyfiem  of  benevolence,  and  confequently  its 
^  author  the  objedt  of  unbounded  love  and  a- 
*c  doration,  benevolence  and  piety  are  our  on- 
u  ly  true  guides  in  our  inquiries  into  it;  the 
C£  only  keys  which  will  unlock  the  myfteries 
*6  of  nature,  and  clues  which  lead  through  her 
labyrinths.  Of  this  all  branches  of  natural 
u  hiftory,  and  natural  philofophy  afford  abun- 
dant  inftances.  In  all  thefe  inquiries,  let  the 
inquirer  take  it  for  granted  previoufly,  that 
f*  every  thing  is  right,  and  the  bed  that  can  be 
ceteris  manentibus ;  that  is?  let  him,  with 
^  a  pious  confidence,  feek  for  benevolent: 
f(  purpofes,  and  he  will  be  always  directed  to 
the  right  road ;  and  after  a  due  continuance 
fc  in  it,  attain  to  fome  new  and  valuable  truth  ; 
f6  whereas  every  other  principle  and  motive  of 
if  examination,  being  foreign  to  the  great  plan 
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•«*  on  which  the  univerfe  is  conftruded,muft  lead 
into  endlefs  mazes,  errors, and  perplexities 'V* 
With  refpeft  to  the  indirect  ufeof  piety,  it 
muft  be  obferved,  that  the  tranquility,  and 
chearfulnefs  of  mind,  which  refults  from  de¬ 
votion  forms  an  excellent  temper  for  conduct¬ 
ing  philofophical  inquiries;  tending  to  make 
them  both  more  pleafant,  and  more  fuccefsfuL 
The  fentiments  of  religion  and  piety  tend  to 
cure  the  mind  of  envy,  jealoufy,  conceit,  and 
every  other  mean  paffion,  which  both  difgrace 
the  lovers  of  fcience,  and  retard  the  progrefs  of 
it,  by  laying  an  undue  bias  upon  the  mind, 
and  diverting  it  from  the  calm  purfuit  of  truth. 

Lastly,  let  it  be  remembered,  that  a  tafte 
for  fcience,  pleafing,  and  even  honourable  as 
it  is,  is  not  one  of  the  higheft  paflions  of  our 
nature,  that  the  pleafures  it  furnifhes  are  even 
but  one  degree  above  thofe  of  fenfe,  and  there¬ 
fore  that  temperance  is  requifite  in  all  fcienti- 
fical  purfuits.  Befides  the  duties  of  every  man’s 
proper  ftation  in  life,  which  ought  ever  to  be 
held  facred  and  inviolate,  the  calls  of  piety, 
common  friendfhip,  and  many  other  avoca¬ 
tions  ought  generally  to  be  heard  before  that 
of  ftudy.  It  is,  therefore,  only  a  fmall  fhare  of 
their  leifure,  that  molt  men  can  be  juftified  In 
giving  to  the  purfuit  of  fcience ;  though  this 
fhare  is  more  or  lefs,  in  proportion  to  a  man’s 
fituation  in  life,  his  natural  abilities,  and  the  op¬ 
portunity  he  has  for  conducting  his  inquiries. 

I  shall  conclude  with  another  paffage  from 
•Dr.  Hartley  to  thispurpofe. cc  Though  the  pur- 

#  Hartley’s  Obfervations  or  Mao,  Yol.  ii.  p.  245. 
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ct  fuit  of  truth  be  an  entertainment  and  em- 
44  ployment  fuitable  to  our  rational  natures,  and 
46  a  duty  to  him  who  is  the  fountain  of  all 
44  knowledge  and  truth,  yet  we  mu  ft  make  fre- 
44  quent  intervals  and  interruptions  ;  elfe  the 
44  ftudy  of  fcience,  without  a  view  to  God  and 
44  our  duty,  and  from  a  vain  defire  of  applaufe, 
44  will  get  pofleffion  of  our  hearts,  engrofs 
44  them  wholly,  and  by  taking  deeper  root 
44  than  the  purfuit  of  vain  amufements,  be- 
€£  come,  in  the  end,  a  much  more  dangerous, 

44  and  obftinate  evil  than  that.  Nothing  can 

45  eafily  exceed  the  vain-glory,  felf-conceit, 
u  arrogance,  emulation,  and  envy,  that  are 
44  found  in  the  eminent  profeffors  of  thefciences, 
44  Mathematics,  Natural  Philofophy,  and  even 
44  Divinity  itfelf.  Temperance  in  thefe  ftudies 

44  is,  therefore,  evidently  required,  both  in  or- 

45  der  to  check  the  rife  of  fuch  ill  paffions,  and 
si  to  give  room  for  the  cultivation  of  other  ef- 
44  fential  parts  of  our  natures.  It  is  with  thefe 
44  pleafures  as  with  the  fenfible  ones ;  our  ap- 
u  petites  muft  not  be  made  the  meafure  of 
44  our  indulgence,  but  we  ought  to  refer  all 
4‘  to  a  higher  rule. 

u  Bu  t  when  the  purfuit  of  truth  is  directed 

44  by  this  higher  rule,  and  entered  upon  with  a 

44  view  to  the  glory  of  God,  and  the  good  of 

<4  mankind,  there  is  no  employment  more 

44  worthy  of  our  natures,  or  more  conducive  to 
*  * 

44  their  purification  and  perfection 

*  Hartley’s  Obfervations  on  Man,  Vol.  ii.  p.  255,  &c. 

Warrington, 

March  1 767 . 
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TO  THE 


SECOND  EDITION. 

H  E  method  I  took  to  diftinguifh  the 


books  I  had  feen  from  thofe  I  had  not 


feen,  in  the  catalogue  of  ele£tric  authors,  fub- 
joined  to  the  firft  edition  of  this  work,  has 
been  attended  with  the  advantage  I  promifed 
myfelf  from  it ;  feveral  perfons,  who  were  in 
poffeffion  of  the  books  I  had  not  feen,  having 
communicated  them  to  me  ;  and  I  have  care¬ 
fully  perufed  them,  and  digefted  their  con¬ 
tents  into  this  fecond  edition.  Far  the  greater 
part  of  thefe  new  authors,  the  reader  will  per¬ 
ceive  by  the  catalogue,  were  German,  and 
wrote  in  high  Dutch,  a  language  with  which, 
I  believe,  the  literati  of  this  country  are  but 
little  acquainted,  which  might  be  the  reafon 
why  neither  myfelf  nor  my  friends  had  ever 
heard  of  them  before.  Though  the  new  ma¬ 
terials  they  have  fupplied  cannot  be  faid  to  be 
of  the  firft  importance,  many  of  the  articles 
are  very  curious,  and  I  hope  the  reader,  as 
well  as  myfelf,  will  think  that  they  have  well 
repaid  me  for  my  trouble  in  learning  the 
language. 

It  is  certainly  much  to  be  regretted  that 
philofophers  have  not  one  common  language  ; 
but  neither  the  theory  of  language  in  general, 
porthe  nature  and  analogies  of  things  to  be  ex- 


r 


xxviii  THE  PREFACE. 

prefled  by  it  are  yet  fufficiently  underftood, 
to  enable  us  to  contrive  a  new  and  philofophi- 
cal  one,  which  might  be  eafily  learnt,  and 
would  be  completely  adequate  to  all  the  pur- 
pofes  of  fcience  ;  and  Latin  is  a  language 
which  perfons  of  a  philofophical  turn  of  mind 
have  feldom  lei  fur  e  to  make  themfelves  fo 
much  mailers  of,  as  to  write  in  it  with  that 
elegance  which  the  tafte  of  the  age  requires. 
Befides,  books  written  in  Latin  are  but  little 
read,  at  leaft,  in  England ;  and  therefore  could 
have  no  fale  with  us.  Thefe  circumftances 
make  it  the  more  neceffary,  that  there  Ihould 
be,  in  every  country,  perfons  poflelfed  of  a 
competent  knowledge  of  foreign  languages, 
who  Ihould  be  attentive  to  the  progrefs  of 
fcience  abroad,  and  communicate  to  their 
countrymen  all  ufeful  difcoveries  as  they  are 
made. 

Besides  the  improvements  in  the  hiftory, 
and  other  parts  of  this  work,  the  reader  will 
find,  in  this  edition,  an  addition  of  three  in¬ 
tire  fe&ions  of  original  experiments.  AH  that 
are  of  the  leaft  confequence  are  printed,  and 
fold  feparately,  for  the  benefit  of  thofe  who 
purchafed  the  firft  edition* 

Leeds,  Jan.  1769. 


ADVER- 
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T  O  T  H  E 

THIRD  EDITION, 

O  the  fecond  edition  of  this  work  I 
made  considerable  additions,  by  an  ac¬ 
count  of  fuch  difcoveries  as  had  been  made  in 
the  interval  between  that  and  the  firft  edition ; 
and  thefe  additions  I  published  feparately  for 
the  life  of  thofe  who  had  purchafed  the  firft 
edition.  But  in  this  edition  I  have  inferted 
no  account  of  any  thing  that  was  done  after 
the  publication  of  the  fecond,  becaufe  I  re- 
ferve  an  account  of  them  for  a  Continuation 
of  the  Hiftory ,  which,  if  God  fpare  my  life* 
I  propofe  to  write  fome  years  hence,  when  I 
hope  there  will  be  a  greater  flock  of  materials 
for  it. 

I  have,  however,  confiderably  improved 
this  edition,  by  a  fuller  account  of  difcoveries 
made  by  feveral  foreigners,  in  confequence 
of  becoming  poffeffed  of  the  original  publica¬ 
tions,  whereas  before  I  was  obliged  to  con¬ 
tent  myfelf  with  quoting  them  at  fecond  hand. 
The  reader  will  therefore  find  a  much  larger 
account  of  what  was  done  by  the  Academi¬ 
cians  del  Cimento,  by  Mr.  Du  Fay,  and  fome 
others  The  alterations  of  the  references,  or 
the  additions  to  them,  will  generally  fliow 
where  I  have  done  this 

*  In  the  account  of  the  experiments  of  Mr.  Monnier,  think¬ 
ing  proper  to  change  the  place  of  one  of  the  articles.,  I  Jiegled- 
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To  the  account  I  have  given  of  the  recep¬ 
tion  of  Dr.  Franklin’s  fyftem  in  France,  I 
would  add  what  I  have  fince  been  informed 
of,  viz.  that  Mr.  Le  Roi,  fecretary  to  the 
Royal  Academy  of  Sciences,  who  has  cliftin- 
guifhed  himfelf  by  his  attention  to  various 
branches  of  philolbphy,  wras  the  firft  who 
adopted  this  theory  in  that  country,  and  be¬ 
came  an  open  and  ftrenuous  advocate  for  it. 
He  alfo  demonftrated  the  principles  of  it  by 
original  experiments  ;  an  account  of  which  is 
contained  in  two  valuable  Memoirs  publifhed 
among  thofe  of  the  Royal  Academy.  In  the 
former  of  thefe  he  proves,  that  there  is  art 
invariable  diftinCtion  between  the  appearance 
of  eleCtric  light  at  the  points  of  metalic  bo¬ 
dies  as  connected  with,  or prefented to  the.  prime 
conductor,  or  infulated  rubber  ;  fo  that  what 
is  called  the  pencil ,  is  uniformly  the  appear¬ 
ance  when  the  pointed  wire  is  electrified  po¬ 
ll  tively,  and  the Jiar  when  it  is  negative.  See 
Ac.  Par.  1753.  In  another  memoir  for  the' 
year  1755*  he  fhews,  by  ufing  a  globe  of 
fulphur,  that  the  refmous  electricity  of  Mr. 
Du  Fay  is  the  very  fame  thing  with  the  nega¬ 
tive  power  of  Dr.  Franklin.  Though  the  fame 
things  had  been  demonftrated  by  others,  and 
eipecially  Father  Reccaria,  thefe  philofo- 
phers  made  the  difeovery  independent  of 
each  other,  and  therefore  have  equal  merit. 

ed  to  cancel  the  former  account,  which  the  reader  will  pleafe 
to  overlook,  orexpunge,  from  p.  145.  The  fuller  account, 
from  the  original,  is  at  p.  15$.  I  mention  this  chiefly,  that 
if  any  foreigner  Ihould  tranfiate  from  this  edition,  he  may  be 
admonifhed  to  omit  the  former  paragraph. 

6  With- 
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Without  entering  into  particulars,  I  flball 
take  the  liberty  to  acquaint  the  reader,  that, 
in  the  fixtieth  volume  of  the  Philofophical 
TranfaCtions,  there  are  two  papers  of  mine 
on  eleCtrical  fubje£ts,  one  on  what  I  have  call¬ 
ed  the  lateral  explojion ,  and  the  other  on  the 
conducing  power  of  charcoal . 

In  the  former  I  fhew  that,  in  certain  cir- 
cumftances,  an  ele&ric  fpark  detaches  itfelf 
from  the  circuit  of  an  explofion  to  bodies 
placed  near  it,  and  returns  to  it  again  at  the 
fame  inftant.  Through  the  air  I  have  made 
this  fpark  three-fourths  of  an  inch  in  length, 
and  in  vacuo  more  than  twelve  inches. 

In  the  other  paper  I  fhow,  among  other 
properties  of  charcoal,  that  its  conducing 
power  depends  entirely  on  the  degree  of  heat 
with  which  it  is  made.  Some  pieces  do  not 
conduct  electricity  at  all,  others  as  perfectly 
as  filver  or  gold,  and  pieces  of  the  former 
quality  are  always  convertible  into  thofe  of 
the  latter,  by  the  application  of  more  heat. 

Also,  in  my  obfervations  on  different  kinds 
of  air ,  the  reader  will  find,  that  I  have  de- 
monftrated  that  the  eleCtric  matter  is,  or  con¬ 
tains  phlogifton  ;  by  fhewing  that  it  affeCts 
all  kinds  of  air  as  phlogifton  does  ;  particular¬ 
ly  diminifliing  common  air  one  fourth,  and 
making  it  noxious,  fo  as  to  make  no  offer- 
vefcence  with  nitrous  air. 

It  may  not  be  amifs  to  inform  the  reader® 
that  the  firft  tranflation  of  this  work  was  in¬ 
to  French,  by  a  perfon  who  feems  to  have 
done  it  with  no  other  view  than  to  have  an 

oppor- 
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opportunity  of  expreffing  his  diflike  of  Dr* 
Franklin’s  fyftem,  and  of  myfelf  as  the  abet¬ 
tor  of  it,  and  of  defending  that  of  Mr.  Nol- 
let.  In  the  notes ,  which  all  other  tranflators 
cenfure  as  in  the  higheft  degree  illiberal,  he 
reprefents  me  as  being,  beyond  all  bounds, 
partial  to  my  own  countrymen,  and  particu¬ 
larly  unjuft  to  the  French;  a  charge  from 
which  I  thought  myfelf  intirely  exempt.  I 
confefs,  however,  that,  inadvertently,  I  did 
give  fome  handle  to  this  cenfure  in  one  paf- 
fage,  which  I  have  therefore  corrected  in  this 
edition.  I  have  the  pleafure  to  be  informed 
that  a  new  tranflation  of  this  work,  from  this 
laft  edition,  is  undertaken  by  the  excellent 
tranflator  of  Dr.  Franklin’s  Philofophical 
writings,  lately  publifhed.  This  gentleman 
will,  I  doubt  not,  do  ample  juftice  both  to 
myfelf  and  to  the  fubjedt. 

J  .  '  > 

Calne,  March  1775* 


To  the  Binder, 

Place  Plate  I.  at  the  end  of  Vol.  I. 
- -  Plate  II.  &c,  at  theendofVoL  II. 
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HISTORY 

AND  PRESENT  STATE  OF 

ELECTRICITY. 

PART  I. 

The  History  of  Electricity. 


PERIOD  I. 

Experiments  and  discoveries’ in  elec¬ 
tricity  PRIOR  TO  THOSE  OF  Mr.' 
HAUKSBEE;' 

'  .*  j )  *  *  r 

THE  hiftory  of  phllofophy  contains 
nothing  earlier  than  the  obfervation, 
that  yellow  amber,  when  rubbed,  has 
the  power  of  attracting  light  bodies.  Thales 
of  Miletus,  the  father  of  the  Ionic  philo^ 
fophy,  who  fiourifhed  about  fix  hundred  years 
before  Chrift,  was  fo  much  ftruck  with  this 
property  of  amber,  that  he  imagined  it  was 
animated.  But  the  firft  writer,  who  exprefsly 
mentions  this  fobftance,  is  Theophraflus,  who 
fiourifhed  about  the  year  ;oo  before  Chrift. 
He  fays,  in  his  book  concerning  precious 
ftones,  feCt.  53,  that  amber  (which  he  fuppofes 
to  be  a  native  foffil)  has  the  fame  property 
of  attracting  light  bodies  with  the  lyncurium  ; 
which,  he  obferves,  attracts  not  only  ftraws, 
and  fmall  pieces  of  flicks,  but  even  thin  pieces 
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of  copper  and  iron.  What  he  fays  farther  of 
the  lyncurium  will  be  related  under  the  article 
of  the  tourmalin ,  which  Dr.  Watfon  has,  in 
a  manner,  proved  to  be  the  fame  fubftancec. 

From  n^eycrgov,  the  Greek  name  for  amber, 
is  derived  the  term  Electricity,  which  is 
now  extended  to  fignify  not  only  the  power 
of  attracting  light  bodies  inherent  in  amber, 
but  other  powers  connected  with  it,  in  what¬ 
ever  bodies  they  are  fuppofed  to  reiide,  or  to 
whatever  bodies  they  may  be  communicated. 

The  attractive  nature  of  amber  is  occafion- 
ally  mentioned  by  Pliny,  and  other  later  na— 
turalifts  ;  particularly  by  Gaffendus,  Kenelm; 
Digby,  and  Sir  Thomas  Brown  ;  but  except¬ 
ing  the  electricity  of  the  fubftance  called  jet 
the  difcovery  of  which  was  very  late  (though  I 
have  not  been  able  to  find  its  author)  no  ad^ 
vances  were  made  in  electricity  till  the  lubjedf 
was  undertaken  by  William  Gilbert,  a  native, 
of  Colchefter,  and  a  phylician  at  London ; 
who,  in  his  excellent  Latin  treat ife  de  magnet 
publiihed  in  the  year  i6oc,  relates  a  great 
variety  of  eledtrical  experiments.  Confider- 
ing  the  time  in  which. this  author  wrote,  and 
how  little  was  known  of  the  fubjedt  before 
him,  his  difcoveries  may  be  juftly  deemed' 
confiderable,  though  they  appear  trifling  when 
compared  with  thofe  which  have  been  made 
fmce  his  time. 

To  him  we  owe  a  great  augmentation  of 

*  Mr.  Bofe  is  laid  to  have  fiiown,  that  the  agate  was  very 
early  known  to  have  electric  powers.  Dantziek  Memoirs, 

Vol,  I.  p.  179. 
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the  lift  of  eleCtric  bodies,  as  alfo  of  the  bodies 
on  which  eleCtrics  can  aCt ;  and  he  has  care¬ 
fully  noted  feveral  capital  circumftances  relat¬ 
ing  to  the  manner  of  their  ad  ion,  though  his 
theory  of  electricity  was  very  imperfeCt,  as 
might  be  expedted. 

Amber  and  jet  were,  as  I  obferved  before, 
the  only  fubftances  which,  before  the  time  of 
Gilbert,  were  known  to  have  the  property  of 
attracting  light  bodies  when  rubbed;  but  he 
found  the  fame  property  in  the  diamond, 
fapphire ,  carbuncle ,  iris,  amethyft ,  opal,  inn- 
centina ,  Brijlol  jlone,  beryl,  and  cryJlaL  He 
alfo  obferves  that  glafs,  efpecially  that  which 
is  clear  and  trarifparent,  has  the  fame  proper¬ 
ty  ;  1  ike  wife  all  factitious  gems*,  made  of  glafs 
or  cryftal  ;  glajs  of  antimony*,  tnoft  Jparry  fub¬ 
ftances*,  and  belemnites .  Laftly,  he  concludes 
his  catalogue  of  electric  fubftances  with  ful - 
phur ,  rnajiic ,  fearing  wax  made  of  gum  lac 
tinged  with  various  colours,  hard  rofen,  fal 
gem ,  talc ,  and  roc  he  alum. ;  R'ofin,  he  faid, 
poffeffed  this  property  but  in  a  fmall  degree, 
and  the  three  lafl  mentioned  fubftances,  only 
when  the  air  was  clear  and  free  from  moifture. 

All  thefe  fubftances,  be  obferves,  attracts 
ed  not  only  ftraws,  but  all  metals,  all  kinds 
of  wood,  ftones,  earth,  water,  oil ;  in  fhort, 
whatever  is  folid,  and  the  objeCt  of  our  fenfes. 
But  he  imagined  that  air,  flame,  bodies  ignit¬ 
ed,  and  all  matter  which  was  extremely  rare 
was  not  fubjedt  to  this  attraction.  Grofs 
fmoke,  he  found,  was  attracted  very  fenfibly, 
but  that  which  was  attenuated  very  little. 
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Friction,  he  fays,  is,  in  general,  neceflary 
to  excite  the  virtue  of  thefe  fubftances;  though 
he  had  one  large  and  fmooth  piece  of  amber 
which  would  ad  without  fridion.  But  with 
refped  to  this  he  probably  deceived  himfelf. 
The  mod  effedual  fridion,  he  obferved  to  be 
that  which  was  light  and  quick  ;  and  he  found, 
that  eledrical  appearances  were  ftrcngeft  when 
the  air  was  dry,,  and  the  wind  north  or  eaft, 
at  which,  time  eledric  fubftances  would  ad 
ten  minutes,  after  excitation.  But  he  fays, 
that  a  raoift  air,,  or  a  foutherly  wind  almoft: 
annihilates  the  eledric  virtue*  The  fame  ef~ 
fed  he  alfo  obferved  from  the  interpofrtion  of 
moifture  of  any  kind,  as  from  the  breath,  and 
many  other  fubftances,  but  not  always  from 
the  interpofition  of  farfnet..  He  fays  that  light 
and  pure  oil,  fprinkled  upon  eledrics,  after 
excitation,  did  not  obftrud  their  virtue  ;  but 
that  brandy,  or  fpirit  of  wine,  did.  He  alfo; 
fays,  that  cryftal,  talc,  glafs,  and  all  other  elec¬ 
trics  loft  their  virtue  after  being  burnt  or 
roafted.  But  this  was,  in  fome  meafure,  a  mif— 
take.  The  heat  of  the  fun,  colleded  by  a 
burning  glafs,  he  fays,  is  fo  far  from  exciting  ^ 
amber,  and  other  eledrics,  that  it  impairs  the 
virtue  of  them  all ;  though,  when  eledrics 
have  been  excited,  thev  will  retain  their  vir— 

J  j 

tue  longer  in  the  fun-fhine  than  in  the  fhade- 
Most  of  the  experiments  of  this  author 
were  made  with  long  thin  pieces  of  metal,  and 
other  fubftances,  fufpended  freely  on:  their 
centers,  to  the  extremities  of  which  he  pre- 
fented  the  eledrics  he  had  excited.  His  ex.~ 

periments 


of  GILBERT.  5 

periments  on  water  were  made  by  prefenting 
a  round  drop  of  it  upon  a  dry  fubfiance  to  the 
excited  eleCtric;  and  it  is  remarkable,  that  he 
obferved  the  fame  conical  figure  of  the  elec¬ 
trified  drops  which  Mr.  Grey  afterwards  dis¬ 
covered,  and  which  will  be  related  more  at 
large  in  its  proper  place.  Gilbert  concluded, 
that  air  was  not  affeded  by  eleftrical  attrac¬ 
tion,  becaufe  the  fame  of  a  candle  wTas  not : 
for  the  flame,  he  fays,  would  be  difturbed  if 
the  air  had  the  leaft  motion  given  to  it. 

Gilbert  imagined  that  el’edtrical  attrac¬ 
tion  was  performed  in  the  fame  manner  as 
the  attraction  of  cohefion.  Two  -drops  of 
water,  he  obferved,  rufh  together  when  they 
are  brought  into  contaCt;  and  eleCtrics,  he 
fays,  are  virtually  brought  into  contact  with 
the  bodies  they  aft  upon,  by  means  of  their 
effluvia,  excited  by  friction. 

Among  other  differences  between  eleCtric 
and  magnetic  attraction,  fome  of  which  are 
very  juft,  and  others  whimfical  enough,  he 
lays,  that  magnetic  bodies  rufh  together  mu¬ 
tually  ;  whereas  in  eleCtriea!  attraction  it  is 
only  the  eleCtric  that  exerts  any  power.  He 
ohferves  alfo  particularly,  that  in  magnetifm 
there  is  both  attradion  and  repulfion,  but  in 
eleCtricky  only  the  former,  .and  never  the 
latter 

Such  were  the  difeoveries  of  our  coun¬ 
tryman  Gilbert,  who  may  jufdy  be  called  the 
father  of  modern  electricity,  though  it  be 


*  Gilbert  de  magnete,  Lib,  2.  Cap.  2. 
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true  that  he  left  his  child  in  its  very  in¬ 
fancy. 

Lord  Bacon,  In  his  Phyfiological  Re¬ 
mains,  gives  a  catalogue  of  bodies  attractive 
and  not  attraCdve  ;  but-  it  differs  in  nothing 
worth  mentioning  from  that  of  Gilbert,  and 
he  does  not  ieem  to  have  made  any  obferva- 
tions  of .  his  own  relating,  to  the  fubjeCt. 

About  30  years  .after  Gilbert,  Nicolaus 
Cab je us,  a  Jefuit  at  Ferrara,  repeated  his  ex¬ 
periments  ;  and  found  that  white  wax?  almoft 
all  the  gums ,  -and  crude  gypfum  were  to  be 
ranked  among  electric  bodies  A.  - 

These  remarkable  phenomena  relating  to 
amber,  and  other  eleCtric  fubftances,  did  not 
efcape  the  attention  of  the  inquifitive  and  fa- 
gacious  Mr.  Boyle,  who  flourifhed  about  the 
year  1670.  He  made  feme  addition  to  the 
catalogue  of  eleCtric  fubftances,  and  attended 
to  fome  cir  cum  fiances  relating  to  electrical 
attraction,  which  had  efcaped  the  obfervation. 
of  phi-lofophers  who  lived'  before  him. 

He  found  that  the  hard  cake  which  remains 
after  evaporating  good  turpentine  was  electri¬ 
cal,  as  alfo  the  hard  mafs  which  remains 
after  diftiiling  petroleum  and  fpirit  of  nitre, 
glafs  of  lead,  the  caput  mortuum  of.  amber, 
and  the  cornelian  ;  but  he  could  not  find  that 
property  in  the  emerald,  and  he  thought  that 
glafs  poilefled  it  but  in  a  very  low  degree. 

He  found,  that  the  electricity  of  all  bodies 
capable  of  having  it  excited  in  them  was  in- 

*  JDantigick  Memoirs,  Vo3.  i.  p.  180. 
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creafed  by  wiping,  and  warming  them,  pre¬ 
vious  to  their  being  rubbed.  By  this  means 
he  made  an  eledric  body,  no  bigger  than 
a  pea,  move  a  fteel  needle,  which  was  freely 
poifed,  three  minutes  after  he  had  left  off  rub¬ 
bing  it.  He  alfo  found,  that  it  was  ufefui  to 
have  the  furfaces  of  eledric  bodies  made  very 
fmooth,  except  in  the  cafe  of  one  diamond, 
on  which  he  tried  forne  experiments  ;  which, 
though  it  was  rough,  was,  he  fays,  poffeffed 
of  a  ftronger  eledric  virtue  than  any  polifhed 
one  he  had  ever  met  with. 

He  obferved  that  excited  eiedrics  would 
attrad  all  kinds  of  bodies  promifcuoufly, 
whether  eledric  or  not ;  that  excited  amber, 
for  inftance,  would  attrad  both  powrder  of 
.amber,  and  feral  1  pieces  of  it ;  differing,  as 
he  takes  notice,  from  the  property  of  the 
/ioad-ftone,  which  ads  only  on  one  kind  of 
matter.  He  found,  that  his  eledrics  would 
attrad  fmoke  very  eaffly,  and  takes  fome 
pains  to  account  for  their  not  fenffbly  at- 
trading  flame,  which  Gilbert  excepted  from 
the  bodies  attraded  by  eledricity. 

These  attradions,  he  found,  did  not  de¬ 
pend  upon  the  air  :  for  he  obferved  that  they 
took  place  in  vacuo.  He  fufpended  a  piece 
of  excited  amber  over  a  light  body  in  a  glafs 
receiver,  and  faw,  that  when  a  vacuum  was 
made,  and  the  amber  let  down  near  the  light 
body,  it  was  attraded,  as  if  it  had  been  in 
the  open  air  G  But  S.  Beccaria  afferts,  that 

*  Hiftoire  de  l’eftricite. 
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there  is  no  electrical  attraction  in  a  perfeCt 
vacuum. 

Mr,  Boyle  made  an  experiment  to  try 
whether  an  excited  eleCtric  was  aCted  upon 
by  other  bodies,  as  ftrongly  as  it  aCted  upon 
them,  and  it  fucceeded  :  for,  fufpending  his 
excited  eleCtric,  he  faw  that  it  was  fenfbly 
moved  by  the  approach  of  any  other  body. 
We  fhould  now  be  furprifed  that  any  perfon 
fliould  not  have  concluded  a  priori^  that  if  an 
eleCtric  body  attracted  other  bodies,  it  mult,  in 
return,  be  attracted  by  them,  aCtion  and  reac¬ 
tion  being  univerfally  equal  tp  one  another. 
But  it  muft  be  confidered,  that  this  axiom  was 
not  fo  well  underftood  in  Mr.  Boyle?s  time, 
nor  till  it  was  afterwards  explained  in  its 
full  latitude  by  Sir  Ifaac  Newton  N 

Mr.  Boyle  got  a  glimpfe,  as  we  may  fay, 
of  the  eleCtric  light :  for  he  found  that  a  cu¬ 
rious  diamond,  which  Mr.  Clayton  brought 
from  Italy,  gave  light  in  the  dark,  when  it 
was  rubbed  againft  any  kind  of  fluff;  and  he 
found  that,  by  the  fame  treatment,  it  became 
eledrical.  He  alfo  obferved  the  fame  property 
in  feveral  other  diamonds  j\ 

These  experiments  of  Mr.  Boylek,  we  fee, 
relate  only  tb  a  few  circumftances  attending 
the  Ample  property  of  eleCtrical  attraction. 
The  neareft  approach  that  he  made  to  the  dis¬ 
covery  of  eleCtrical  repulfion  was  his  obferv- 
mg,  that  light  bodies,  as  feathers,  &c.  would 


*  Boyle’s  Mechanical  produSHon  of  eledlricity. 
f  Sesondsi’s  hifipfy  ©f  elcfftricity,  p.  fpi. 
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cling  to  his  fingers,  and  other  fubftances, 
after  they  had  been  attracted  by  his  electrics. 
He  had  feen  but  little  of  the  ele&ric  light, 
and  little  imagined  what  aftoniftiing  effe&s 
would  be  afterwards  produced  by  the  fame 
wonderful  power,  and  how  large  a  field  he 
was  opening  for  philofophical  fpeculation  in 
future  times. 

Mr.  Boyle’s  theory  of  electrical  attraction 
was,  that  the  eleCtric  emitted  a  glutinous  efflu¬ 
vium,  which  laid  hold  of  fmall  bodies  in  its 
way,  and,  in  its  return  to  the  body  which 
emitted  it,  carried  them  back  with  it.  One 
James  Hartman,  whofe  account  of  amber  is 
publifhed  in  the  Philofophical  TranfaCtions  % 
pretends  to  prove  by  experiment,  that  electri¬ 
cal  attraction  was  really  owing  to  the  emilfion 
of  glutinous  particles.  He  took  two  eleCtric 
fubftances,  viz.  pieces  of  colophonia,  and 
from  one  of  them  made  a  diftillation  of  a  black 
balfam,  and  thereby  deprived  it  of  its  attrac¬ 
tive  power.  He  fays,  that  the  eleCtric,  which 
was  not  diftilled,  retained  its  fatty  fubftance, 
whereas  the  other  wTas,  by  diftillation,  re** 
duced  to  a  mere  caput  mortuum ,  and  retained 
no  degree  of  its  bituminous  fat.  In  confe- 
quence  of  this  hypothefis,  he  give-s  it  as  his 
Opinion,  that  amber  attracts  light  bodies 
more  powerfully  than  other  fubftances,  be- 
caufe  it  emits  oily  and  tenacious  effluvia  more 
copioufly  than  they  do. 

Contemporary  with  Mr.  Boyle  was  Otto 

£  Abridgement,  Vol.  2.  p.  473. 
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Guericke,  Burgomafter  of  Magdebourg,  and 
the  celebrated  inventor  of  the  air-pump,  who 
is  likewife  intitled  to  a  diftinguifhed  place  a- 
mong  the  firft  improvers  of  electricity. 

This  philofopher  made  his  experiments 
with  a  globe  of  fulphur,  made  by  melting 
that  fub  fiance  in  a  hollow  globe  cfglafs,  and 
afterwards  breaking  the  glafs  from  off  it.  He 
little  imagined  that  the  glafs  globe  itfelf,  with 
or  without  the  fulphur,  would  have  anfwered 
his  purpofe  as  well.  This  globe  of  fulphur 
lie  mounted  upon  an  axis,  and  vvhirled  it  in  a 
wooden  frame,  rubbing  it  at  the  fame  time 
with  his  hand  ;  and  by  this  means  he  per¬ 
formed  all  the  ele&rical  experiments  which 
were  known  before  his  time. 

His  was  the  difcovery,  that  a  body  once 
attracted  by  an  excited  eleCtric  was  repelled 
by  it,  and  not  attracted  again  till  it  had  been 
touched  by  fame  other  body.  In  this  manner 
he  kept  a  feather  a  long  time  fufpended  in 
the  air  above  his  fulphur  globe ;  but  he  o li¬ 
fer  ved,  that  if  he  drove  it  near  a  linen  thread, 
or  the  flame  of  a  candle,  it  inftantly  retreated 
to  the  globe,  without  having  been  in  contaCt 
with  any  fenfible  body. 

Neither  the  found,  nor  the  light  produced 
by  the  excitation  of  his  globe,  efcapedthe  no¬ 
tice  of  this  accurate  philofopher,  though  he 
feems  not  to  have  obfcrved  them  in  a  very 
great  degree  :  for  he  was  obliged  to  hold  his 
ear  near  the  globe  to  perceive  the  hilling 
found  of  the  eleCtric  fire  ;  and  he  compares  the 
light  which  it  gave  in  the  fame  circumflances 

to 
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to  that  which  is  feen  when  fugar  is  pounded  in 
the  dark. 

Ba  r  the  moft  remarkable  experiments  of 
this  phiiofopher  wTere  two,  which  depend  upon 
a  property  of  the  eledric  fluid  that  has  not 
been  illufl rated  till  within  thefe  late  years ; 
viz.  that  bodies  immerged  in  eledric  atmof- 
pheres  are  themfelves  eledrified,  and  with  an 
eledricity  oppofite  to  that  of  the  atmofphere. 
Threads  fufpended  within  a  fmall  diftance  of 
his  excited  globe,  he  obferved  to  be  often  re¬ 
pelled  by  his  finger  brought  near  them,  and 
that  a  feather  repelled  by  the  globe  always 
turned  the  fame  face  towards  it,  like  the 
moon  with  refped  to  the  earth.  This  lafi: 
experiment  feems  to  have  been  wholly  over¬ 
looked  by  later  eledricians,  though  it  is  a 
very  curious  one,  and  may  be  made  with  fo 
much  eafe 

To  the  members  of  the  Academy  Del  Ci - 
mento ,  whofe  labours  contributed  very  con- 
fiderably  to  the  advancement  of  various 
branches  of  natural  knowledge,  we  are  in¬ 
debted  for  feveral  obfervations  on  the  fubjed 
of  eledricity. 

They  rank  the  eledric  bodies  which  they 
examined  in  the  following  order,  according 
to  the  ftrength  of  their  attradive  power,  yel¬ 
low  amber,  fealing  wax ,  the  rofe  diamond ,  and 
of  the  fame  ftrength  with  this  the  white 
Japp  hire,  emerald ,  white  topaz,  fpinelle ,  and 
ruby  balleis .  After  thefe  they  ranked  all  tranj - 

.  | 

*  Lxperimeata  Magdeburgica3  Lib,  4.  Cap.  15. 
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parent  gems ,  and  next  to  the  precious  ftones 
they  placed  glafls,  cryjlal ,  with  white  and  black 
amber ,  the  power  of  all  which  they  fay  is  very 
weak. 

Yellow  amber  appearing  to  them  to  have 
the  greateft  power  of  all  eledric  fubftances, 
they  made  all  their  experiments  with  it. 
Among  other  things,  they  found  that  it  at- 
traded  fmoke ,  but  not  flame ;  and  upon  this  oc- 
cafion  they  obferved  the  curious  phenomenon 
of  a  vijible  electric  atmofphere ,  which  was  af¬ 
terwards  re-difcovered,  and  exhibited  to  more 
advantage  by  Dr.  Franklin.  For  they  fay, 
that  that  part  of  the  fmoke  which  is  attraded 
by  the  amber  remains,  and  unites  itfelf  to  it, 
like  a  fmall  cloud,  and  as  the  amber  cools,  it 
rifes  in  fmoke  again,  and  vanifhes.  At  the 
fame  time  they  alfo  obferved  a  pretty  curious 
effed  of  eledrical  repul  lion  ;  for  they  fay 
that  part  of  the  fmoke  was  thrown  off  from 
the  amber,  as  from  a  looking-glafs. 

Flame,  they  obferved,  was  fo  far  from  be¬ 
ing  attraded  by  the  amber,  that,  upon  being 
prefented  to  it,  it  prefently  deprived  it  of  all 
its  attradive  power  ;  for  if,  after  it  had  taken 
up  any  thing,  it  was  held  to  the  flame,  it  would 
immediately  let  it  go  again. 

They  found  that,  all  fluid  flub  fiances  were 
fenfible  to  the  attradive  power  of  amber,  and 
among  the  reft  even  mercury  ;  and  that  when 
the  excited  amber  was  prefented  to  a  large 
fuperficies  of  any  liquor,  it  rofe  towards  it  in 
a  fmall  pointed  eminence ;  an  effed  which, 
they  fay,  is  beft  obferved  in  oil  or  balfam .  This 

obferva- 
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©bfervation,  we  (hall  find./  was  afterwards* 
made  again,  and  more  particularly  attended 
to  by  Mr.  Grey  *. 

These  gentlemen  took  a  great  deal  of  paln& 
to  try  whether  amber  would  attract  in  vacuo# 
but  to  no  purpofe,  not  being  able  to  exclude 
the  air,  ft>  as  to  rub  the  amber  in  vacuo,  and 
apply  it  to  the  light  body  they  had  provided, 
with  any  efFeC;  but  neither  could  they  make 
the  amber  aC  in  the  fame  confined  fituation 
even  when  the  air  was  not  at  all  excluded  f . 

They  alio  found,  with  Mr.  Boyle,,  that  a 
piece  of  excited  amber,  fufpended  by  a  thready 
was  attracted  by  other  bodies  prefented  to  it, 
juft  like  a  magnetical  needle 

Lastly,  thefe  gentlemen  found  that  when 
the  excited  amber  was  dipped  in  fome  liquors* 
it  immediately  loft  its  power,  but  not  after 
being  dipped  in  others.  In  this  laft  clafs  they 
enumerate  feveral  kinds  of  oil,  tallow ,  fat , 
and  butterr  and  it  is  now  found  that  the  con¬ 
ducing  power  of  thefe  fubftances  is  fo  final!, 
that  they  are  more  properly  clafled  among  the 
non-conduCors  S. 

I  shall  in  the  next  place  obferve,  that  Mr. 
Boyle,  Otto-  Guericke, ,  and  thefe  gentlemen, 
made  their  experiments  about  the  fame  time, 
and  feemed  to  have  derived  no  advantage 
whatever  from  each  other’s  labours. 

#  Eflays  on  Natural  Experiments,  tranfiated'  by  Walker,  p. 
jsaB,  & c. 

+  lb.  p.  43. 
t  lb.  p.  129 

§  E flays  on  Natural  Experiments,  tranfiated  by  Walker,  p. 
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A  much  finer  appearance  of  eledric  light 
than  that  which  Otto  Guericke9s  fulphur 

JL 

globe  exhibited  was  obferved  by  Dr.  Wall. 
The  account  of  it  is  published  in  the  Phi- 
lofophical  Tranfaddions  G 

Making  experiments  upon  artificial  phof- 
phorus,  which  he  took  to  be  an  animal  oil 
coagulated  with  a  mineral  acid,  he  was  led  to 
conjedhire  that  amber,  which  he  fuppofed  to 
be  a  mineral  oil  coagulated  with  a  mineral  vo¬ 
latile  acid,  might  be  a  natural  phofphorus:; 
and  with  this  view  he  began  to  make  experi¬ 
ments  upon  it,  the  refult  of  which,  being  very 
curious  and  furprifmg,  it  will  be  moil  agree¬ 
able  to  my  readers  to  fee  in  the  very  words 
of  the  obferver  himfelf. 

u  I  found,”  fays  he,  “  by  gently  rub- 
cc  bing  a  well  polifhed  piece  of  amber  with 
44  my  hand,  in  the  dark,  that  it  produced  a 
44  light:  whereupon  I  got  a  pretty  large  piece 
44  of  amber,  which  I  caufed  to  be  made  long 
44  and  taper,  and  drawing  it  gently  through  my 
44  hand,  being  very  dry,  it  afforded  a  confider- 
44  able  light. 

44  I  then  ufed  many  kinds  of  foft  animal 
44  fubftances,  and  found  that  none  did  fo  well 
44  as  wool.  And  now  new  phenomena  of- 
44  fered  themfelves  :  for,  upon  drawing  the 
44  piece  of  amber  fwiftly  through  the  woollen 
44  cloth,  and  fqueezing  it  pretty  hard  with 
44  my  hand,  a  prodigious  number  of  little 
44  cracklings  were  heard,  and  every  one  of  thefe 

*  Phil.  Tiaiif*  abridged,  VoL  4.  p.  275. 
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*c  produced  a  little  fiafh-  of  light ;  but  when 
*4  the  amber  was  drawn  gently  and  {lightly 
64  through  the  cloth,  it  produced  only  a  light 
<c  but  no  crackling ;  but  by  holding  one’s 
44  fingers  at  a  little  diftance  from  the  amber,, 
44  a  large  crackling  is  produced,  with  a  great 
44  fiafh  of  light  fucceeding  it.  And,  what  to 
44  me  is  very  furprifmg,  upon  its  eruption,  it 
54  ftrikes  the  finger  very  fen  fitly,  wherefoever 
44  applied,  with  a  pufh  or  a  puff,  like  wind., 
44  The  crackling  is  full  as  loud  as  charcoal  on 
44  fire,  and  five  or  fix  cracklings,  or  more, 
44  according  to-  the  quicknefs  of  placing  the 
44  finger,  have  been  produced  from  one  fmgle 
44  friction,  light  always  fucceeding  each  of 
44  them. 

4e  Now  I  make'  no  queftion,  but  upon 
44  ufing  a  longer  and  larger  piece  of  amber,.. 
44  both  the  cracklings  and  light  would  be- 
44  much  greater,  becaufe  I  never  yet  found 
&c  any  crackling  from,  the  head  of  my  cane* 
44  though  it  is  a  pretty  large  one.  This  light 
4£  and  crackling  feems,  in  fome  degree,  to  re— 
4,4  prefent  thunder  and  lightning.5’ 

After  reciting  this  experiment,  he  gives 
it  as  his  opinion,  that  all,  or  moft  bodies,, 
which  have  electricity,  give  light,  and  that  it 
is  the  light  which  is-  the  caufe  of  their  being; 
eleCtrical,  He  found  that  light  could  alfo  be 
produced  by  rubbing  jet,  red  fealing  wax,, 
made  with  gum  lac  and  cinnabar,  arid  the  dia¬ 
mond.  He  even  imagined  he  could  diftin- 
guifh  true  from  falfe  diamonds  by  this  teft. 

Notwithstanding  Dr,  Wall  made  this 
.  beautiful 
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beautiful  difcovery,  as  he  imagined  (for  ht? 
fee  ms  not  to  have  feen  what  Otto  Guericke  had 
Written)  of  light  proceeding  from  amber  and 
other  eledtrie  bodies,  we  fee  that  he  laboured 
under  a  great  deal  of  confufion  and  mifappre- 
hen fi on  with  refpedt  to  it.  He  fays,  that  one 
thing  appeared  ftrange  to  him  in  the  courfe  of 
thefe  experiments,  which  was,  that  though* 
upon  fridion  with  wool  in  the  day  time,  the 
cracklings  feem-ed  to  be  full  as  many  and  as 
large,  yet  that,  by  all  the  trials  which  he  made, 
very  little  light  appeared,  though  in  the  dark- 
eft  room.  He  fays  that  the  belt  time  for 
making  thefe  experiments  is  when  the  fun  is 
i8Q  below  the  horizon,  and  that  when  the 
fun  was  fo  low,  though  the  moon  ftione  ever 
fo  bright,  the  light  was  the  fame  as  in  the 
darkeft  room,  which  made  him  chufe  to  call 
it  a  nodtiluca. 

It  is  remarkable  that  Dr.  Wall  compares 
the  light  and  the  crackling  of  his  amber  to 
thunder  and  lightning  :  fo  early  was  a  fi  mi- 
larity  between  the  effedts  of  eledtricity  and 
lightning  obferved.  But  little  was  it  imagin¬ 
ed  that ’  the  refemblance  between  them  ex¬ 
tended  any  farther  than  to  appearances  and 
^ffedts.  That  the  caufe  was  the  fame  in  both, 
was  a  difcovery  referved  for  Dr.  Franklin,  in 
a  much  later  period. 

The  great  Sir  Ifaac  Newton,  though  he  by 
no  means  makes  a  principal  figure  in  the 
hiftory  of  eledtricity,  yet  made  fome  elec¬ 
trical  obfervations  which  engaged  the  atten¬ 
tion  of  his  philofophical  friends;  and  which, 

independent 
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independent  of  their  being  made  by  him,  do 
well  deferve  to  be  tranfmitted  to  pofterity. 
They  feem  to  fhew,  that  he  was  the  firft  who 
obferved,  that  excited  glafs  attracted  light 
bodies  on  the  fide  oppohte  to  that  on  which 
it  was  rubbed. 

H  aving  laid  upon  the  table  a  round  piece 
of  glafs,  about  two  inches  broad,  in  a  brafs 
ring,  fo  that  the  glafs  might  be  one  eighth  of 
an  inch  from  the  table,  and  there  rubbing 
the  glafs  brilkly,  little  fragments  of  paper  laid 
on  the  table,  under  the  glafs,  began  to  be  at¬ 
tracted,  and  move  nimbly  to  and  fro.  After 
lie  had  done  rubbing  the  glafs,  the  papers 
would  continue  a  confiderable  time  in  various 
motions  ;  fometimes  leaping  up  to  the  glafs, 
and  reding  there  a  while,  then  leaping  down 
and  retting  there,  and  then  leaping  up  and 
down  again  ;  and  this  fometimes  in  lines 
feemingly  perpendicular  to  the  table,  fome¬ 
times  in  oblique  ones ;  fometimes  alfo  leap- 
ing  up  in  one  arch,  and  leaping  down  in  an¬ 
other,  divers  times  together,  without  fenfibly 
retting  between  ;  fometimes  fkipping  in  a  bow 
from  one  part  of  the  glafs  to  another,  without 
touching  the  table,  and  fometimes  hanging  by 
a  corner,  and  turning  often  very  nimbly,  as 
if  they  bad  been  carried  about  in  the  midft  of 
a  whirlwind,  and  being  otherwife  varioufly 
moved,  every  paper  with  a  different  motion. 
Upon  his  Aiding  his  finger  on  the  upper  fide 
of  the  glafs,  though  neither  the  glafs,  nor  the 
inclofed  air  below,  were  moved,  yet  he  ob- 
ierved,  that  the  papers,  as  they  hung  under 

C  the 
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the  glafs,  would  receive  fome  new  motion, 
dining  this  way  or  that,  according  as  he  mov¬ 
ed  his  finger. 

Some  of  the  motions,  as  that  of  hanging 
by  a  corner  and  twirling  about,  and  that  of 
leaping  from  one  part  of  the  glafs  to  another 
without  touching  the  table  happened  but  fel- 
dom  ;  but,  he  fays,  k  made  him  take  the  more 
notice  of  them  ** 

An  account  of  this  experiment  Sir  Ifaac  fent 
to  the  members  of  the  R.  Society  in  the  year 
1675,  defiring  it  might  be  tried  by  them 3 
and  after  fome  ineffectual  attempts,  and  re¬ 
ceiving  further  inftruCtions  how  to  make  it, 
they  at  length  fucceeded,  and  the  thanks  of 
the  fociety  were  formally  returned  to  him  f. 

Upon  repeating  the  experiment  with  fome 
variety'  of  circumftances,  Sir  Ifaac  obferves, 
that  rubbing  varioufly,  or  with  various  things, 
altered  the  cafe.  At  one  time  he  rubbed  a 
glafs  four  inches  broad,  and  one  fourth  thick, 
with  a  napkin,  twice  as  much  as  he  ufed  to 
do  with  his  gown,  and  nothing  would  ft  if, 
and  yet  prefently  after,  rubbing  with  fome- 
thing  elfe,  the  motion  foon  began.  After 
the  glafs  had  been  much  rubbed,  he  thought 
the  motions  we  re  not  fo  lading,  and  the  day 
following  he  found  the  motions  fainter,  and 
more  difficult  to  be  excited  than  at  firft  J. 

Sir  Isaac  alfo  mentions  electricity  in  two 
queries  annexed  to  his  treatife  on  Optics,  from 

*  Birch’s  Hia.  of  the  R-  Society,  Vol.  3.  p.  260,  &c,. 
f  lb.  271.  %  lb.  p.  270. 
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which  we  learn,  that  he  imagined  electric 
bodies  when  excited  emitted  an  elaftic  fluid, 
which  freely  penetrated  glafs,  and  that  the 
emiffion  was  performed  by  the  vibratory  mo^ 
tions  of  the  parts  of  the  excited  bodies  *. 

PERIOD  II? 

* 

t 

The  experiments  and  discoveries  of 

Mr.  Hauksbee, 

* 

AFTER  Gilbert,  Mr.  Boyle,  and  Otto 
Guericke,  Mr.  Haukfbee,  who  wrote 
in  the  year  1709,  diftinguifhed  himfelf  by 
experiments  and  difcoveries  in  electricity.  He 
iirft  obferved  the  great  eleCtric  power  of  glafs, 
the  light  proceeding  from  it,  and  the  noife 
bccafioned  by  it,  together  with  a  variety  of 
phenomena  relating  to  electrical  attraction  and 
repulfion.  He  was  indefatigable  in  making 
experiments,  and  there  are  few  perfons  to 
whom  we  are  more  indebted  for  a  real  advance* 
mentof  this  branch  of  knowledge.  This  will 
appear  from  the  following  fuccinCt  account 
of  his  experiments,  related  not,  exaCtly  in  the 
order  in  which  he  has  publifhed  them,  but 
according  to  their  connection^  This  method 
I  have  chofen.,  as  heft  adapted  to  give  the 
moft  diftinCt  view  of  the  whole 

1  shall  firft  relate  the  experiments  he 
made  concerning  electrical  attraction  and  re~ 

*  Newton’s  Optics,  oftavo,  p.  314,  and  327. 
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fuljion,  in  many  of  which  we  fhall  fee  reaforr 
to  admire  his  ingenious  contrivances,  and 
fhall  fee  that  little  was  added  to  his  obferva- 
tions,  till  the  capital  difcovery  of  a  plus  and 
minus  electricity  by  Dr.  W  at  ion  and  Dr. 
Franklin,  and  the  farther  illufiration  of  that 
doCtrine  by  Mr.  Canton. 

The  moft  curious  of  his  experiments  con¬ 
cerning  eledrical  attraction  and  repul  Son  are 
thofe  which  fhew  the  direction  in  which  thofe 
powers  are  exerted. 

Having  tied  threads  round  a  wire  hoop, 
and  brought  it  near  to  an  excited  globe  or  cy¬ 
linder,  he  obferved,  that  the  threads  kept  a 
eonftant  direction  towards  the  center  of  the 
globe*  or  towards  fome  point  in  the  axis  of 
the  cylinder,  in  every  pofition  of  the  hoop ; 
that  this  effeCt  would  continue  for  about  four 
minutes  after  the  whirling  of  the  globe  ceafed,. 
and  that  the  effeCt  was  the  fame  whether  the; 
wire  was  held  above  or  under  the  glafs;  or' 
whether  the  glafs  was  placed  with  its  axis- 
parallel,  or  perpendicular  to  the  horizon. 

He  obferved,  that  the  threads  pointing  to¬ 
wards  the  center  of  the  globe  were  attracted5 
and  repelled  by  a  finger  prefen  ted  to  them  ; 
that  if  the  finger,  or  any  other  body,  was^ 
brought  very  near  the  threads,  they  would: 
be  attracted;  but  that  if  it  were  brought  to 
the  diftance  of  about  an  inch,  they  would  be 
repelled,  the  reafon  of  which  difference  he 
did  not  feem  to  underhand 

*  Phylico- Mechanical  Experiments,  p.  7;. 
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He  tied  threads  to  the  axis  of  a  globe  and 
cylinder,  and  found  that  they  diverged  every 
way  in  ftraight  lines  from  the  place  where 
they  were  tied,  when  the  globe  was  whirled 
and  rubbed.  In  both  cafes,  he  fays,  the 
threads  would  be  repelled  by  the  linger  held 
on  the  oppofite  fide  of  the  glafs,  even  with¬ 
out  touching  the  glafs  ;  though  they  would 
fometimes  fuddenly  jump  towards  it  f.  He 
obferved  farther,  that  by  blowing  writh  his 
mouth  towards  the  glafs,  at  three  or  four  feet 
•diftance,  the  threads  would  have  a  very  confi- 
derable  motion  given  to  them. 

He  found  that  threads,  hanging  freely  in 
an  unexcited  globe,  at  reft,  would  be  moved 
by  the  approach  of  any  excited  eledric  at  a 
confiderable  diftance,  except  in  moift  wea¬ 
ther  ;  which  failure  he  accounts  for,  by  fup- 
pofmg  the  moifture  on  the  furface  of  the  glafs 
prevented  the  free  paffage  of  the  eledric 
effluvia  through  it  j\ 

The  v  arieties  he  obferved  on  the  appear¬ 
ances  and  properties  of  the  eledric  light ,  are 
even  more  curious  and  furpriftng  than  his  dis¬ 
coveries  concerning  eledric  attradion  and 
repulfion ;  and  it  is  fomething  remarkable  that 
Mr.  Haukfbee’s  tranfition  to  eledtric  light 
was  like  that  of  Dr.  Wall,  viz.  from  the  light 
of  phofphorus. 

Mr.  H  auks  bee  firft  produced  a  confider- 
able  quantity  of  light  by  fhaking  quick- 

*  Pay fico- Mechanical  Experiments,  p.  78. 

f  lb.  p.  160. 
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filver  in  a  glafs  veffel,  out  of  which  the  air 
was  exhausted.  Sometimes  what  he  calls 
ftrange  flafhes  of  pale  light  were  feen  dart¬ 
ing  in  a  variety  of  directions,  when  the  mer¬ 
cury  was  put  in  motion  within  an  exhaufted 
receiver*.  But  the  difcovery  was  probably 
accidental,  and  he  did  not  feem,  at  that  time, 
to  know  the  reafon  of  the  appearance.  He 
called  this  light  the  mercurial  phofphorus ,  and 
fhd  not  cpniider  the  glafs  as  any  way  con¬ 
cerned  in  producing  it. 

He  alfo  found,  that  this  appearance  of  elec¬ 
tric  light  (which  he  ftiil  calls  the  mercurial 
phofphorus)  did  not  require  a  very  perfect 
vacuum,  nor  even  a  near  approach  to  itf. 
Nay  he  fometimes  produced  that  appearance 
of  light  by  fhaking  mercury  in  a  veffel,  in 
which  the  air  was  of  the  fame  denlity  with 
the  external  atmofphere ;  but  fall  he  had  no 
idea  of  the  glafs  contributing  to  the  pheno¬ 
menon  Ja 

He  obferved  a  ftrong  light  in  vacuo,  and  a 
fmall  one  in  the  open  air,  from  rubbing  am¬ 
ber  upon  woollen,  but  feems  to  have  conii- 
dered  it  as  any  hard  body  rubbing  againft  a 
loft  one  jjo  He  alfo  obferved  a  vivid  purple, 
and  afterwards  a  pale  light  produced  by  rub¬ 
bing  glafs  upon  woollen  in  vacuo  §.  He  fays 
that  every  #frefh  glafs  firft  gave  a  purple,  and 
thpn  a  pale  light,  and  that  woollen  tin£ture<| 

*  Phyllco-Mcchanical  Experiments,  p  12. 
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with  fait  or  fpirits  produced  a  new,  ftrong, 
.and  fulgurating  light 

In  the  following  experiments  we  find  his 
Ideas  of  eledfric  light  much  more  diftin<St,  and 
the  appearances  the  fame  that  are  ufually  ex¬ 
hibited  by  our  prefent  eledfrical  machines, 
the  ftrudture  of  which,  we  fhall  find  to  be 
nearly  the  fame  with  thofe  which  he  ufed. 

He  provided  himfelf  with  a  machine  in 
which  he  could  whirl  a  glafs  globe ;  and  he 
obferved,  when  the  air  was  ex  traded  out  of 
it,  that,  upon  applying  his  hand  to  the  globe, 
a  ftrong  light  appeared  on  the  infide,  and, 
upon  letting  in  the  air,  he  obferved  the  light 
on  the  outride  alfo ;  but  with  fome  very  con- 
fiderable  differences  in  its  appearances,  fir  ik¬ 
ing  upon  his  fingers,  and  other  bodies  held 
near  the  globe.  He  alfo  obferved,  upon  this 
occafion,  that  one  fourth  of  an  atmofphere  in 
the  globe  did  very  little  dimmifh  the  light 
within.  It  is  pleafing  to  obferve,  that  the 
fimiiar  appearance  in  this  experiment,  and 
that  with  mercury  in  vacuo  before- mention- 
■eel,  made  him  fufped,  though  only  fufped, 
that  the  light  produced  in  the  former  cafe  pro¬ 
ceeded  not  from  the  mercury,  but  from  the 
glafs. 

The  next  experiment  is  of  a  very  delicate 
and  curious  nature.  It  is  not  to  be  wonder¬ 
ed  at,  that  Mr.  Haukfbee  did  not  underhand 
the  circumftances  which  contributed  to  it,  as 
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the  explication  of  it  depends  upon  principles 
which  were  not  difcovered  till  a  much  later 
period  by  Mr.  Canton. 

Holding  an  exhaufted  globe  within  the 
effluvia  of  an  excited  one,  he  obferved  a  light 
in  the  exhaufted  globe,  which  prefently  died 
away,  if  it  was  kept  at  reft;  but  which  was 
revived,'  and  continued  very  ftrong,  if  the  ex¬ 
haufted  globe  was  kept  in  motion.  Prefent- 
Ing  an  exhaufted  tube  to  the  effluvia  of  an 
excited  globe,  it  produced  what  he  calls  an 
interrupted  flafhing  light.  He  imagined  that 
the  exhaufted  globe  was  excited  by  the  attrac¬ 
tion  of  the  effluvia  from  the  other  globe,  fo 
little  did  he  underftand  the  true  caufe  of  this 
curious  experiment  When  he  fays  that 
light  is  producible  by  the  effluvia  of  one  glafs 
falling  upon  another,  he  adds ;  that  eledric 
(by  which  he  means  attradive)  matter,  is  not 
to  be  brought  forth  by  any  fuch  feeble  ftrokes. 
He  had  before  obferved  that,  upon  rubbing 
an  exhaufted  tube,  it  difcovered  no  attradive 
power,  nor  gave  any  light  outwards,  but 
only  inwards. 

He  found  that  when  the  fridion  was  per¬ 
formed  in  vacuo,  no  eledricity  (that  is  attrac¬ 
tion)  could  be  produced  'f ;  but  that  though  the 
attractive  quality  required  the  prefence  both 
of  the  external  and  internal  air,  in  order  to 
its  fhewing  itfelf,  yet  the  light  requires  the 
prefence  of  only  one  of  them  in  order  to  its 
appearance ;  for  that  either  a  glafs  globe  full 
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f  Ibr  2^2. 


of 


of  Mr,  H  AUKS  BEE*  25 

of  air  rubbed  in  vacuoj  or  with  its  air  exhauft¬ 
ed  and  rubbed  in  pkno ,  would  produce  a  very 
confiderable  light  A 

He  fays  alfo,  that  thofe  lights  are  lefs  fen- 
fibly  affeded  by  the  return  of  air,  which  are 
produced  by  the  attrition  of  exhaufted  glafs 
in  pleno,  than  thofe  which  are  produced  by 
the  attrition  of  glafs  full  of  air  in  vacuo;  for 
that,  in  the  former  cafe,  no  great  alteration 
was  found  in  the  light  or  colour,  until  a  cer¬ 
tain  quantity  of  air  was  let  into  the  infide  of 
the  exhaufted  glafs ;  but  that,  in  the  latter 
cafe,  both  light  and  colour  were  fenfibly 
changed,  upon  every  admiffion  of  air  to  the 
outfide  of  the  full  glafs  -f*. 

The  greateft  eledric  light  Mr.  Haukfbee 
produced,  was  when  he  enclofed  one  exhauft¬ 
ed  cylinder  within  another  not  exhaufted, 
and  excited  the  outermoft  of  them,  putting 
them  both  in  motion.  Whether  their  motions 
confpired  or  not,  he  obferved,  made  no  dif¬ 
ference.  When  the  outer  cylinder  only  was 
in  motion,  he  fays,  the  light  was  very  con¬ 
fiderable,  and  fpread  itfelf  over  the  furface 
of  the  inner  glafs.  What  furprifed  him  moft 
was,  that  after  both  glaffes  had  been  in  mo¬ 
tion  fome  time,  during  which  his  hand  had 
been  applied  to  the  furface  of  the  outer  glafs, 
the  motion  of  both  ceafmg,  and  no  light  at 
all  appearing;  if  he  did  but  bring  his  hand 
again  near  the  furface  of  the  outer  glafs, 
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there  would  be  flafhes  of  light,  like  light¬ 
ning,  produced  in  the  inner  glafs ;  as  if,  he 
fays,  the  effluvia  from  the  outer  glafs  had 
been  pufhed  with  more  force  upon  it  by  means 
of  the  approaching  hand  *.  This  experiment 
was  fimilar  to  thofe  which  he  made  with  the 
excited  and  exhaufted  globe,  and  with  the  ex-^ 
haufted  tube ;  and  his  reafoning  upon  it  fhews, 
that  he  was  ftill  far  from  being  fully  apprized 
of  all  the  cireumftances  attending  this  fadt. 

The  next  experiments  which  I  lhall  relate 
of  Mr.  Haukfbee’s,  are  thofe  which  ihew 
the  great  copioufnefs,  and  extreme  fubtilty  of 
eledtric  light.  They  are  really  amazing,  and 
have  not  yet  been  purfued  in  the  manner 
they  deferve. 

He  lined  more  than  half  of  the  infide  of 
a  glafs  globe  with  fealing  wax,  and  having 
exhaufted  the  globe,  he  put  it  in  motion; 
when,  applying  his  hand  to  excite  it,  he  faw 
the  fhape  and  figure  of  all  the  parts  of  his 
hand  diftindtly  and  perfectly,  on  the  concave 
fuperficies  of  the  wax  within.  It  was  as  if 
there  had  only  been  pure  glafs,  and  no  wax 
interpofed  between  his  eye  and  his  hand.  The 
lining  of  wax,  where  it  was  fpread  the  thin¬ 
ned,  would  but  juft  allow  the  fight  of  a  candle 
through  it  in  the  dark;  but  in  feme  places 
the  wax  was,  at  leaft,  one  eighth  of  an  inch 
thick;  yet  even  in  thofe  places,  the  light  and 
the  figure  of  his  hand  were  as  diftinguifh- 
able  through  it,  as  any  where  elfe.  Nay 
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though,  in  fome  places,  the  fealing  wax  did 
not  adhere  fo  clofely  to  the  glafs  as  in  others, 
yet  the  light  on  thefe  appeared  juft  as  on  the 
reft  *. 

These  experiments  fucceeded  equally  with 
pitch  inftead  of  fealing  wax.  And  he  ob¬ 
served,  that  when  the  air  was  let  into  the 
glafs,  every  part  of  it,  the  lined  part  and  the 
unlined,  feemed  to  attradt  with  equal  vigour f. 
Melted  flowers  of  fulphur  had  no  fuch  efFedt, 
but  common  fulphur  anfwered  as  well  as  feal¬ 
ing  wax,  or  pitch.  In  both  thefe  laft  experi¬ 
ments  the  fulphur  was  found  to  have  been 
fepa rated  from  the  glafs  ±. 

Using  a  large  quantity  of  common  fulphur 
in  the  fame  manner,  the  light  in  the  in  fide 
was  four  times  as  great,  but  the  figure  of  his 
fingers  was  not  fo  diftinguifhable  as  in  the 
former  cafes.  He  likewife  obferved,  that 
on  the  part  near  the  axis,  where  the  fub- 
ftance  of  the  fulphur  was  the  greateft,  no  light 
was  produced ;  which  he  attributed,  chief¬ 
ly,  to  the  fiownefs  of  the  motion  in  that 
place  §. 

Upon  the  admiflion  of  a  fmall  quantity  of 
air  into  the  globe,  thus  partially  lined  wfith 
fealing  wax,  the  light  wholly  difappeared  on 
the  part  covered  with  the  wax,  but  not  on 
the  other. 

He  alfo  obferved,  that  when  all  the  air 
was  let  in,  and  the  hoop  of  threads  before- 
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mentioned  held  over  the  glafs*  the  threads 
were  attracted  at  greater  diftances  by  the  part 
which  was  coated  with  the  wax  than  by  the 
other:  when  all  the  air  wa-s  exhaufted,  he 
fays,  the  wax  would  attract  bodies  placed 
near  the  out-fide  of  the  glafs ;  that  even  in 
this  cafe,  the  threads  preferved  their  central 
direction,  though  not  fo  vigoroufly  as  when 
the  air  was  let  in ;  but  that  they  would  not 
be  attracted  at  all,  when  there  was  no  wax 
on  the  infide  of  the  exhaufted  globe. 

Mr.  Hauksbee  was  not  unattentive  to 
the  found  made  by  the  emiffion  of  the  eleCtric 
effluvia,  or  to  the  manner  in  which  it  affeCt- 
ed  the  fenfe  of  feeling .  He  obferved,  that 
when  an  excited  tube  of  glafs  attracted  vari¬ 
ous  bodies,  and  threw  light  upon  them,  as 
they  were  held  near  it,  a  noife,  which  he 
calls  a  f napping ,  was  likewife  heard.  He 
alfo  fays,  that  the  rubbed  tube,  held  near  the 
face,  gave  a  feeling,  as  if  fine  hairs  had  been 
drawn  over  it ;  and  when  he  repeated  the  ex¬ 
periment  of  whirling  and  rubbing  the  glafs 
globe,  he  obferved  the  light  to  proceed  from 
it  with  fome  noife,  and  to  make  a  kind  of 
pfeffure  upon  the  finger,  when  it  was  held 
within  half  an  inch  of  it  *. 

Nor  was  Mr.  Haukefoee’s  attention  con¬ 
fined  to  the  ele&rie  power  of  glafs .  He  made 
experiments  with  a  globe  of  fealing  wax ,  in 
the  center  of  which  was  a  globe  of  wood  ; 
from  which  he  concluded,  that  the  electricity 
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of  fealing  wax  was,  in  general  the  fame  with 
that  of  glafs,  but  different  from  it  in  degree. 
He  could  not  make  any  light  adhere  to  his 
finger  when  prefented  to  the  excited  fealing 
wax,  any  more  than  when  it  was  prefented 
loan  exhaufted  and  excited  globe  of  glafs. 

He  provided  himfelf,  in  like  manner,  with 
a  globe  of  fulphur,  and  another  of  rofin  with 
a  mixture  of  brick  duft,  but  the  fulphur  could 
hardly  be  excited  at  all ;  whereas  the  rofin  aft- 
ed  more  powerfully  than  the  fealing  wax  had 
done.  This  he  afcribed  to  its  being  ufed  while 
it  was  warm:  for,  in  the  fame  warm  ftate* 
it  attracted  leaf  brafs  without  any  attrition  at 
all  *. 

He  fays,  that  the  excited  rofin  gave  no 
light  in  the  dark,  and  the  fulphur  but  little 'jr 

With  refpect  to  the  power  of  electricity  in 
general,  he  obferved,  that  a  flight  fried  ion  was* 
fufficient  to  excite  it,  and  that  a  greater  p ref- 
fur  e,  or  a  more  violent  motion  did  not  con- 
fiderably  increafe  it  t*  He  fays,  that  all  the 
phenomena  of  eleftricity  Were  improved  by 
warmth;  and  diminifhed  by  moiftnre  ;  which 
he  attributed  to  the  refi fiance  that  the  aque¬ 
ous  particles  gave  to  the-  effluvia;  and,  like 
Mr.  Boyle,  and  others  before  him,  he  was  con¬ 
firmed  in  this  liypothefis,  by  finding,  that 
the  interpolation  of  linen  cloth  prevented  any 
effects  from  being  obferved  beyond  it. 
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He  alfo  obferved,  that  when  the  tube  wa^ 
filled  with  other  matter  than  air,  as  with  dry 
writing  fand  (which  he  adually  tried)  the  at¬ 
tractive  power  of  the  effluvia  was  conhderably 
abated;  but  he  did  not  know  what  kind  of  bo¬ 
dies  would  produce  that  effect.  He  himfelf 
obferves,  that  he  found  the  eledric  virtue  of 
a  folid  cylinder  of  glafs  to  be,  not  indeed  quite 
fo  ftrong  as  that  of  a  hollow  tube,  but  more 
permanent^. 

That  Mr.  Haukfbee,  after  all,  had  no 
clear  idea  of  the  diftindion  of  bodies  into 
eledrics  and  non-eledrics,  appears  from  fome 
of  hk  lafh  experiments,  in  which  he  attempt¬ 
ed  to  produce  electric  appearances  from  me¬ 
tals,  and  from  the  reafons  he  gives  for  his 
want  of  fuccefs  in  thofe  attempts.  u  From 
u  thefe  experiments,”  he  fays,  “  I  may  fafe- 
<c  ly  conclude,  that  if  there  be  any  fuch 
quality  as  light  to  be  excited  from  a  brafs 
<c  body,  under,  the  forementioned  circum- 
u  fiances,”  viz.  of  whirling  and  rubbing, 
“  all  the  attrition  of  the  feveral  bodies  I  have 
“  ufed  for  that  purpofe,  have  been  too  weak 
“  to  force  it  from  it.  And  indeed,  con- 
iC  fidering  the  clofenefs  of  the  parts  of  metals, 
u  and  with  what  firmnefs  they  adhere,  en- 
sc  tangle,  and  attrad  one  another,  a  final! 
iC  degree  of  attrition  is  not  fufficient  to  put 
<c  their  parts  into  fuch  a  motion  as  to  pro- 
“  duce  an  eledrical  quality,  which  quality, 
u  undet  the  forementioned  circumftances,  t 
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take  to  be  the  appearance  of  light  in  fuch  a 
u  medium.” 

Considering  what  great  fuceefs  Mr. 
Haukfbee  had  wTith  his  globe  of  glafs,  and 
his  machine  to  give  motion  to  it,  it  is  furprifi- 
ing  that  the  ufe  of  it  £hould  have  been  fo  long 
difcontinued  after  his  death.  To  this  circum- 
fiance  we  may  perhaps,  in  a  great  meafure, 
afcribe  the  flow  progrefs  that  was  afterwards 
made  in  electrical  difcoveries.  Mr.  Raukfbee’s 
fucceflbrs  confined  themfelves  to  the  ufe  of 
tubes.  I  fuppofe  becaufe  they  were  lighter, 
more  portable,  and  more  eafily  managed  in 
the  experiments  which  they  chiefly  attended 
to :  but  the  ufe  of  the  globe  wrould  certainly 
have  put  them  much  fooner  in  the  way  of 
making  the  capital  difcoveries,  which  were 
afterwards  made  in  eledricity. 
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PERIOD  III. 

The  experiments  and  discoveries  of 
Mr.  STEPHEN  GREY,  which  were 
made  prior  to  those  of  Monsieur  du 
Fay,  and  which  bring  the  history 
of  Electricity  to  the  year  1733. 


Otwithstanding  the  important  dis¬ 
coveries  of  Mr.  Haukibee,  and  the  pro- 
mifing  appearance  they  made,  as  an  opening 
to  farther  difcoveries,  we  find,  after  him,  a 
great  chafm  in  the  hiftory  of  electricity,  an 
interruption  of  difcoveries,  and,  as  far  as  we 
can  learn,  of  experiments  too,  for  the  fpace 
of  near  twenty  years ;  and  at  a  time  when  phi- 
lofophical  knowledge  of  every  other  kind  was 
making  the  moft  rapid  progrefs,  under  the 
aufpices  of  the  great  Sir  Ifaac  Newton.  But 
the  attention  of  this  great  man  happened  to  be 
engaged  by  other  fubjeCts,  and  this  very  cir- 
cumftance  might  be  the  reafon  why  the  atten¬ 
tion  of  other  philofophers  were  alfo  diverted 
from  electricity. 

After  this  long  interval,  commences  a  new 
sera  in  the  hiftory  of  electricity ;  in  which  we 
Ihall  have  the  works  of  another  labourer  in 
this  new  field  of  philofophy  to  contemplate, 
viz.  Mr.  Stephen  Grey,  a  penfioner  at  the 
Charter  Houfe.  No  perfon  who  ever  applied 
to  this  ftudv  was  more  afliduous  in  making 
experiments*  or  had  his  heart  more  intirely 
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In  the  work.  This  will  appear  by  the  pro-* 
digious  number  of  experiments  he  made,  and 
fome  confiderable  difcoveries  with  which  his 
perfeveranee  was  crowned;  as  well  as  by  the 
felf-deceptions,  to  which  his  paffionate  fond- 
nefs  fot  new  difcoveries  expofed  him. 

Before  the  year  1728,  Mr.  Stephen  Grey 
had  often  obferved,  in  elclirieal  experiments 
made  with  a  glafs  tube,  and  a  down  feather 
tied  to  the  end  of  a  final!  flick,  that,  after  Its 
fibres  bad  been  drawn  towards  the  tube,  they 
would,  upon  the  tube’s  being  withdrawn,  cling 
to  the  flick,  as  if  it  had  been  an  electric  bo¬ 
dy,  or  as  if  there  had  been  fome  electricity 
communicated  to  the  ftick,  or  to  the  feather. 
This  put  him  upon  thinking,  whether,  if  the 
feather  were  drawn  through  his  fingers*  it 
might  not  produce  the  fame  effect,  by  acquir¬ 
ing  fome  degree  of  eledtricity.  This  experi¬ 
ment  fucceecled  accordingly,  upon  his  firft 
trial;  the  fmall  downy  fibres  of  the  feather” 
being  attracted  by  his  finger,  when  held  near 
it ;  and  fometlmes  the  upper  part  of  the  feather 
with  its  ftera  would  be  attracted  alfo. 

It  will  be  obvious  to  every  electrician,  that 
the  fuccefs  of  this  experiment  depended  upon 
other  principles,  than  thofe  to  which  he  had 
a  view  in  making  it.  Proceeding,  however, 
in  the  fame  manner,  he  found  the  following 
fubflances  to  be  all  electric ;  hair\  /ilk ,  linen , 
woollen ,  paper ,  leather ,  wood ,  parchment ,  and 
ox  gut  in  which  leaf  gold  had  been  beaten. 
He^made  all  thefe  fubftances  very  warm,  and 
fome  of  them  quite  hot  before  he  rubbed  them, 
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He  found  light  emitted  in  the  dark  by  the' 
filk  and  the  linen,  but  more  efpecially  by  a 
piece  of  white  pre fling  paper,  which  is  of  the 
fame  nature  with  card  paper.  Not  only  did 
this  fubftance,  when  made  as  hot  as  his  fingers 
could  bear,  yield  a  light ;  but,  when  his  fingers 
Were  held  near  it,  a  light  iffued  from  them 
alfo,  attended  with  a  crackling  noife,  like  that 
produced  by  a  glafs  tube,  though  not  at  fb 
great  a  diftance  from  the  fingers 

The  preceding  experiments  bring  us  to  the 
eve  of  a  very  confiderable  difcovery  in  electri  ¬ 
city,  viz.  the  communication  of  that  power 

from  native  eledrics,  to  bodies,  in  which  it  is 

% 

not  capable  of  being  excited;  and  alfo  to  a 
more  accurate  diftindion  of  etedrics  from 
non-eledrics.  I  fhall  relate  the  manner  in 
which  thefe  important  difeoveries  were  made 
pretty  fully,  but,  at  the  fame  time,  as  luc- 
cindly  as  poflible. 

In  the  month  of  February,  1729,  Mr.  Grey, 
after  fome  fruitlefs  attempts  to  make  metals 
attractive,  by  heating,  rubbing,  and  ham¬ 
mering,  recollected  a  fufpicion  which  hdhad 
fome  years  entertained ;  that,  as  a  tube  com¬ 
municated  its  light  to  various  bodies  when 
it  was  rubbed  in  the  dark,  it  might  poffibly, 
at  the  fame  time,  communicate  an  eledricity 
to  them,  by  which  had  hitherto  been  under- 
flood  only  the  power  of  attracting  light  bo¬ 
dies.  For  this  purpofe  he  provided  himfelf 
wfith  a  tube  three  feet  five  inches  long,  and 

#  Philofophical  Traufadiona  abridged,  Vol.  viii.  p.  9. 
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near  one  inch  and  two  tenths  in  diameter ;  and 
to  each  end  was  fitted  a  cork,  to  keep  the  duft 
out  when  the  tube  was  not  in  ufe. 

The  firft  experiments  he  made  upon  this 
occafion  were  intended  to  try,  if  he  could  find 
any  difference  in  its  attraction  when  the  tube 
was  flopped  at  both  ends  by  the  corks,  and 
when  left  entirely  open  ;  but  he  could  per¬ 
ceive  no  fenfible  difference.  It  was,  however, 
in  the  courfe  of  this  experiment  that,  hold¬ 
ing  a  down  feather  over  againft  the  upper 
end  of  the  tube,  he  found  that  it  would  fly 
to  the  cork,  being  attracted  and  repelled  by 
it,  as  well  as  by  the  tube  itfelf.  He  then  held 
the  feather  over  againft  the  flat  end  of  the 
cork,  and  ohferved,  that  it  was  attracted  and 
repelled  many  times8  together;  at  which,  he 
fays,  he  was  much  furprifed,  and  concluded, 
that  there  was  certainly  an  attractive  virtue 
communicated  to  the  cork  by  the  excited  tube. 

He  then  fixed  an  ivory  ball  upon  a  Rick 
of  fir,  about  four  inches  long;  when,  thr lift¬ 
ing  the  other  end  into  the  cork,  he  found,- 
that  the  ball  attracted  and  repelled  the  feather, 
even  with  more  vigour  than  the  cork  had 
done,  repeating  its  attractions  and  repulfions 
many  times  fucceffiVely*  He  afterwards  fix¬ 
ed  the  ball  upon  long  flicks,  and  upon  pieces 
of  brafs  and  iron  wire,  with  the  fame  fuccefs  ; 
but  he  obferved,  that  the  feather  was  never  fo 
ftrongly  attracted  by  the  wire,  though  it  were 
held  very  near  the  tube,  as  by  the  ball  at  the 
end  of  it. 
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When  a  wire  of  any  confiderable  length 
■was  ufed,  its  vibrations,  caufed  by  the  adtion 
of  rubbing  the  tube,  made  it  troublefome  to 
manage.  This  put  Mr  Grey  upon  thinking 
whether,  if  the  ball  wrere  hung  to  a  pack¬ 
thread,  and  fufpended  by  a  loop  on  the  tube, 
the  electricity  would  not  be  carried  down  the 
line  to  the  ball;  and  he  found  it  to  fucceed 
according  to  his  expectation.  In  this  manner 
he  fufpended  various  bodies  to  his  tube,  and 
found  all  of  them  to  be  capable  of  receiving 
eledtricity  in  the  fame  manner. 

After  trying  thefe  experiments  with  the 
longeft  light  canes  and  reeds  that  he  could 
conveniently  life,  he  afcended;  a  balcony  twen¬ 
ty-fix  feet  high ;  and,  fattening  a  fixing  to 
his  tube,  he  found,  that  the  ball  at  the  end 
of  it  would  attradt  light  bodies  in  the  court 
below. 

He  then  afcended  to  greater  heights,  and 
by  putting  his  long  canes  in  the  end  of  his 
tube,  and  faflening  a  long  firing  to  the  end 
of  the  canes,  he  contrived  to  convey  the  elec¬ 
tricity  to  much  greater  diftances  than  he  had 
done  before ;  till,  being  able  to  carry  it  no 
farther  perpendicularly,  he  next  attempted  to 
carry  it  horizontally;  and  from  thefe  attempts 
arofe  a  difcovery,  of  which  he  was  not  in  the 
leaf!  awrare  when  he  began  them. 

In  Ills  fir  ft  trial  he  made  a  loop  at  each 
end  of  a  packthread,  by  means  of  which  he 
fufpended  it,  at  one  end,  on  a  nail  driven  in¬ 
to  a  beam,  the  other  end  hanging  downwards. 
Through  the  loop  which  hung  down,  he  put 
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ike  line  to  which  his  ivory  ball  was  fattened* 
fixing  the  other  end  of  it  by  a  loop  on  his 
tube ;  fo  that  one  part  of  the  line,  along 
which  the  electricity  was  to  be  conveyed,  viz. 
that  to  which  the  ball  was  fattened,  hung 
perpendicular,  the  reft  of  the  line  lay  hori¬ 
zontal.  After  this  preparation,  he  put  the 
leaf  brafs  under  the  ivory  ball,  and  rubbed 
the  tube,  but  not  the  leaft  fign  of  attraction 
was  perceived.  Upon  this  he  concluded,  that 
when  *  the  electric  virtue  came  to  the  loop 
of  the  packthread,  which  was  fufpended  on 
the  beam,  it  went  up  the  fame  to  the  beam ; 
fo  that  none,  or  very  little,  of  it  went  down 
to  the  ball ;  and  he  could  not,  at  that  time, 
think  of  any  method  to  prevent  it. 

On  June  the  30th,  1729,  Mr.  Grey  paid  a 
vifit  to  Mr.  Wheeler,  to  give  him  a  fpecimen 
of  his  experiments ;  when,  after  having  made 
them  from  the  greateft  heights  which  the 
houfe  would  admit,  Mr.  Wheeler  was  defirous 
of  trying  whether  they  could  not  carry  the 
eleCtric  virtue  to  a  greater  diftance  horizon¬ 
tally.  Mr.  Grey  then  told  him  of  the  fruitlefs 
attempt  he  had  made  to  convey  it  in  that  di¬ 
rection':  upon  which  Mr.  Wheeler  propofed 
to  fufpend  the  line  to  be  electrified  by  another 
of  Jilk^  inftead  of  packthread ;  and  Mr.  Grey 
told  him,  it  might  do  better,  on  account  of 
its  fmallnefs  ;  as  lefs  of  the  virtue  would  pro¬ 
bably  pafs  off  by  it  than  had  done  by  the  thick 
hempen  line,  which  he  had  ufed  before.  With 
this  expedient,  they  fucceeded  far  beyond 
their  expectations. 
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The  firft  experiment  they  made  after  this 
expedient  occurred  to  them,  was  in  a  mat¬ 
ted  gallery  at  Mr.  Wheeler’s  houfe,  July  2d, 
1729,  about  ten  o’clock  in  the  morning,  as 
Mr.  Grey,  after  his  ufual  manner,  has  mi-* 
nutely  recorded  it.  About  four  feet  from 
the  end  of  the  gallery,  they  faftened  a  line 
acrofs  the  place.  The  middle  part  of  this 
line  was  filk,  the  reft  pack  thread.  They 
then  laid  the  line  to  which  the  ivory  ball 
was  hung,  by  which  the  eleCtric  virtue  was 
to  be  conveyed  to  it  from  the  tube,  and  which 
was  eighty  feet  and  a  half  in  length,  acrofs 
this  filken  line,  fo  that  the  ball  hung  about 
nine  feet  below  it.  The  other  end  of  the 
line  was,  by  a  loop,  faftened  to  the  tube, 
which  they  excited  at  the  other  end  of  the 
room.  After  this  preparation,  they  put  the 
leaf  brafs  under  the  ivory  ball,  and,  upon 
rubbing  the  tube,  it  was  attracted,  and  kept 
fufpended  for  fome  time. 

The  gallery  not  permitting  them  to  go 
any  greater  lengths  with  a  fingle  line  of  com«? 
munication,  they  contrived  to  return  the  line, 
making  the  whole  length  of  it  almoft  twice 
that  of  the  gallery,  or  about  one  hundred  and 
forty-ieven  feet,  which  anfwered  very  well. 
But,  fuipeCcing  that  the  attraction  would  be 
ftronger  without  doubling  or  returning  the 
line,  they  made  ufe  of  a  line  one  hundred 
and  twenty-four  feet  long,  running  in  one 
direction  in  the  barn  ;  and,  as  they  expedite 
ed§  they  found  the  attraction  ftronger  than 
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when  the  line  had  been  returned  in  the  gal¬ 
lery. 

July  the  3d,  proceeding  to  make  more  re¬ 
turns  of  the  line,  the  filk  which  fupported 
it  happened  to  break,  not  being  able  to  bear 
the  weight  of  it,  when  ffiaken  with  the  mo¬ 
tion  that  wras  given  to  it  by  rubbing  the  tube. 
Upon  this  they  endeavoured  to  fupport  it  by 
a  fmall  iron  wire,  inftead  of  the  filken  firing ; 
but  this  alfo  breaking,  they  made  ufe  of  a 
brafs  wire  a  little  thicker.  But  this  brafs  wire, 
though  it  fupported  the  line  of  communica¬ 
tion  very  well,  did  not  anfwer  the  purpofe  of 
thefe  young  electricians :  for,  upon  rubbing 
the  tube,  no  electricity  was  perceived  at  the 
end  of  the  line.  It  had  all  gone  off  by  the 
brafs  wire  which  fupported  it.  They  had 
recourfe  to  brafs  wires,  as  being  ftronger  than 
their  filken  lines,  and  no  thicker ;  for  the  fame 
reafon  that  they  had  before  ufed  filken  lines  in 
preference  to  hempen  firings ;  hecaufe  they 
could  have  them  ftronger,  and  at  the  fame, 
time  fmaller.  But  the  refult  of  this  experi¬ 
ment  convinced  theirs,  that  the  fuccefs  of  it 
depended  upon  their  fupporting  lines  being 
filk,  and  not,  as  they  had  imagined,  upon 
their  being  fimalL  For  the  eleCtric  virtue  went 
off  as  effectually  by  the  final i  brafs  wire,  as  it 
had  done  by  the  thick  hempen  cord. 

Being  obliged,  therefore,  to  return  to  their 
filken  lines,  they  contrived  them  to  fupport 
very  great  lengths  of  the  hempen  line  of  com¬ 
munication;  and  actually  conveyed  the  elec¬ 
tric  virtue  feven  hundred  and  fixty-five  feet, 
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nor  did  they  perceive  that  the  effeCt  was  fen-? 
fibly  diminifhed  by  the  diftance 

In  the  fame  manner  in  which  Jilk  was  found 
to  be  a  non-rConduCtor,  it  is  probable  that, 
about  the  fame  time,  hair ,  rojm ,  glafs,  and 
perhaps  feme  other  eleCtric  fubftances,  were 
found  to  have  the  fame  property,  though  the 
difeovery  be  no  where  particularly  men- 
tioned ;  for  we  fhall  prefently  find  Mr.  Grey 
making  ufe  of  them,  to  infulate  the  bodies 
which  he  electrified. 

After  this,  Mr.  Grey  and  his  friend  amuf? 
ed  themfelves  with  trying  how  large  furfaces 
might  be  impregnated  with  the  electric  efflux 
via ;  eledtrifying  a  large  map,  table  cloth,  &c. 
They  alfo  carried  the  cleCtric  virtue  feveral 
ways  at  the  fame  time,  and  to  a  confiderable 
diftance  each  way  , 

The  magnetic  effluvia,  they  found,  did  not 
in  the  leaf!:  interfere  with  the  eleCtric  ;  for 
when  they  had  electrified  the  load  {tone,  with 
a  key  hanging  to  it,  they  both  attracted  leaf 
Draft  like  other  fubftances. 

Some  time  after  this,  Mr.  Wheeler,  in 
the  ab fence  of  Mr.  Grey,  electrified  a  red- 
hot  poker,  and  found  the  attraction  to  be  the 
fame  as  when  it  was  cold.  He  alfo  fhfpend- 
ecl  a  live  chicken  upon  the  tube  by  the  legs, 
and  found  the  breaft  of  it  ftrongly  electri¬ 
cal  f , 

*  P till.  Tranf.  abridged,  VqI.  vii.  p.  jc. 
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In  Auguft*  1729,  Mr.  Grey  advanced  one 
ftep  farther  in  his  electrical  operations.  He 
found  that  he  could  convey  the  eleCtric  vir¬ 
tue  from  the  tube  to  the  line  of  communica¬ 
tion  without  touching  it,  and  that  holding 
the  excited  tube  near  it  was  fufficient.  Re¬ 
peating  his  former  experiments  with  this  va¬ 
riation.  in  conjunction  with  Mr.  Wheeler, 
and  among  others,  carrying  the  eleCtric  vir¬ 
tue  feveral  ways  at  the  fame  time  without 
touching  the  line,  they  always  obferved,  that 
the  attraction  was  ftrongeft  at  the  place  which 
was  mo  ft  remote  from  the  tube ;  a  faCt  which 
they  might  have  obferved,  if  they  had  at¬ 
tended  to  it,  in  their  former  experiments 

Some  time  in  the  fame  month,  Mr  Wheeler 
and  Mr.  Grey  in  conjunction  made  fome  ex¬ 
periments,  in  order  to  try  whether  the  elec¬ 
tric  attraction  was  in  proportion  to  the  quan¬ 
tity  of  matter  in  bodies;  and  with  this  view 
they  eieCtrined  a  folid  cube  of  oak,  and  an¬ 
other  of  the  fame  dimenftons  which  was  hol¬ 
low  ;  but  they  could  not  perceive  any  diffe¬ 
rence  in  their  attractive  power ;  though  it  was 
Mr.  Grey’s  opinion,  that  the  eledric  effluvia 
pafled  through  all  the  parts  of  the  folid 
cube  'f. 

On  the  13th  of  Auguft  in  the  fame  year, 
Mr.  Grey  made  another  improvement  in  his 
eleCtrical  apparatus,  by  finding  that  he  could 
dedrify  a  rody  as  well  as  a  thready  without 
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inferring  any  part  of  it  into  his  excited  tube. 
He  took  a  large  pole  twenty-feven  feet  long, 
two  inches  and  ope  half  in  diameter  at  one  end, 
and  one  inch  and  one  half  at  the  other.  It 
was  a  fort  of  wood  which  is  called  horfe-beach, 
and  had  its  rind  on.  This  pole  he  fufpended 
horizontally  by  hair  lines,  and  at  the  fmall 
end  of  the  pole  he  hung  a  cork,  by  means  of 
a  packthread  about  one  foot  long,  and  put  a 
fmall  leaden  ball  upon  the  cork,  to  keep  the 
packthread  extended.  Then  the  leaf  brafs 
being  put  under  the  cork,  the  tube  rubbed, 
and  held  near  the  larger  end  of  the  pole,  the 
cork  ball  at  the  oppofite  end  attract  ed  the  leaf 
brafs  ftrongly,  to  the  height  of  an  inch  op 
more.  Mr.  Grey  alfo  obferved,  that  though 
the  leaf  brafs  was  attraded  by  any  part  of  the, 
pole,  it  w^s  pot  pear  fo  ftrongly  as  by  the 
cork  w 

About  the  beginning  of  September,  Mr, 
Grey  made  experiments,  to  fhew  that  the 
eledric  effluvia  might  be  carried  in  a  circle, 
as  well  as  along  lines,  and  be  communicated 
from  one  circle  to  another,  and  alfo  that  it 
might  be  done  whether  the  circles  were  verti¬ 
cal,  or  horizontal. 

About  the  latter  end  of  autumn,  or  the 
beginning  of  winter  1729,  Mr.  Grey  refum¬ 
ed  his  inquiries  after  other  elecdrical  bodies, 
and  found  many  more  to  have  the  fame  pro¬ 
perty,  but  he  mentions  only  the  dry  leaves  of 
feveral  trees  ;  from  whence  he  concluded,  that 

*  Phil.  Tranf.  abridged,  Vol.  vii,  d.  18. 
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the  leaves  of  all  vegetables  had  that  attractive 
virtue 

We  are  now  advanced  to  a  new  fcene  of 
Mr.  Grey  s  eledrical  experiments,  viz.  upon 
fluids ,  and  upon  animal  bodies .  Having  no  other 
method  of  trying  whether  any  fubftances 
could  have  the  eleCtric  virtue  communi¬ 
cated  to  them,  but  by  making  them  raife  light 
bodies  placed  upon  a  Hand  under  them,  it 
may  eafily  be  imagined,  that  he  could  not 
well  contrive  to  put  a  fluid  body  into  that  fi- 
tuation.  The  only  thing  that  Mr.  Grey  could 
do  in  this  way,  was  to  make  ufe  of  a  bubble, 
in  which  form  a  fluid  is  capable  of  being  held 
in  a  ftate  of  fufpeniion.  Accordingly  on 
March  2?d  and  25th,  1730,  he  diflblved  foap 
in  Thames  water,  and  fufpending  a  tobacco 
pipe,  he  blew  a  bubble  at  the  head  of  it;  and, 
bringing  the  excited  tube  near  the  fmall  end, 
he  found  the  bubble  to  attraht  leaf  brafs  to 
the  height  of  two,  and  of  four  inches  fo 
April  the  oth,  1730,  Mr,  Grey  fufpended 
a  boy  on  hair  lines  in  a  horizontal  pofition, 
juft  as  all  eledricians  had,  before,  been  ufed 
to  fufpend  their  hempen  lines  of  communica¬ 
tion,  and  their  wooden  rods;  then,  bringing 
the  excited  tube  near  his  feet,  he  found  that 
the  leaf  brafs  was  attracted  by  his  head  with 
much  vigour,  fo  as  to  rife  to  the  height  of 
eight,  and  fometimes  of  ten  inches.  When 
the  leaf  brafs  was  put  under  his  feet,  and  the 
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tube  brought  near  his  head,  the  attraCl  ion  was 
i  in  all ;  and  when  the  leaf  hrafs  was  brought 
under  his  head,  and  the  tube  held  over  it, 
there  was  no  attraction  at  all.  Mr.  Grey  does 
not  attempt  to  affign  any  reafon  for  thefe  ap¬ 
pearances.  Jt  was  not  till  many  years  after 
this  time,  that  the  influence  of  points  in  re¬ 
ceiving  and  emitting  the  eleflric  effluvia  was 
obferved.  While  the  boy  was  fufpended,  Mr. 
Grey  amufed  himfelf  with  making  the  elec¬ 
tricity  operate  in  feveral  parts  of  his  body,  at 
the  fame  time ;  and  at  the  end  of  long  rods, 
which  he  made  him  hold  in  his  hands,  and 
in  diverflfying  the  experiment  feveral  other 
ways 

It  is  curious  to  obferve  the  inference  which 
Mr.  Grey  makes  from  thefe  experiments.  By 
them,  fays  he,  we  fee,  that  animals  receive 
a  greater  quantity  of  elefl  ric  fluid  than  other 
bodies;  and  that  it  may  be  conveyed  from 
them  feveral  ways  at  the  fame  time,  to  confi- 
derable  diftances.  He  had  no  idea  that  the 
bodies  of  animals  receive  cleflricity  only  by 
means  of  the  moifture  that  is  in  them,  and 
that  this  hempen  line  of  communication, 
and  his  wooden  rods  could  not  have  been 
elefl rifled  at  all,  if  they  had  been  perfectly 
dry. 

In  all  thefe  experiments  Mr.  Grey  obferv¬ 
ed,  that  the  leaf  brafs  was  attracted  to  a  much 
greater  height  from  the  top  of  a  narrow  ftand 
than  from  the  tabic;  and,  at  leaft,  three  times 
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higher  than  when  it  -was  laid  on  the  floor  of 
the  room. 

Abowt  this  time  Mr.  Grey  communicated 
to  the  Royal  Society  his  fufpicion,  that  bodies 
attracted  more  or  lefs  according  to  their  colour. § 
though  the  fubftance  was  the  fame,  and  the 
weight  and  iize  equal.  He  fays,  he  found  red, 
orange,  and  yellow  attracted  at  leaft  three 
or  four  times  ftronger  than  green,  blue,  or 
purple  ;  but  he  forbore  communicating  a  more 
particular  account  of  them,  till  he  had  tried  a 
more  accurate  method  which,  he  fays  he  had 
thought  of,  to  make  the  experiments.  The 
communication,  however,  was  never  made. 
The  thing  itfelf  was  only  a  deception,  as  will 
be  fhewn  in  fome  iiibfequent  experiments 
made  by  Monfieur  du  Fay  *. 

Mr.  Grey,  having  found  that  he  could 
communicate  electricity  to  a  bubble  of  foap 
and  water,  was  encouraged  to  attempt  com¬ 
municating  it  to  water  itfelf.  In  order  to  this, 
he  eleCtrifled  a  wooden  difh  full  of  water, 
placed  on  a  cake  of  rofm,  or  a  pane  of  glafs, 
and  obferved,  that  if  a  fmall  piece  of  thread, 
a  narrow  flip  of  thin  paper,  or  a  piece  of  fheet 
glafs  was  held  over  the  water,  in  an  horizon¬ 
tal  pofition,  at  the  diftance  of  an  inch  or  fome- 
thing  more,  they  would  be  attracted  to  the 
furface  of  the  water  and  then  repelled ;  but 
he  imagined  that  thefe  attractions  and  repul- 
fions  were  not  repeated  fo  often  as  they  would 
have  been,  if  the  body  had  been  folid. 

*  Phil,  Trartf.  abridged,  Vol.  vii.  p.  22. 
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But  he  afterwards  contrived  to  fhew  the 
effedt  of  eledricity  upon  water  in  another  and 
more  effedual  manner.  As  this  experiment 
was  very  curious  and  exhibited  an  appearance 
which  was  quite  new  to  the  electricians  of 
thofe  times,  I  fhall  relate  the  particulars  of  it 
very  fully,  and  generally  in  Mr.  Grey’s  own 
words  ** 

He  filled  a  fmall  cup  with  water  higher 
than  the  brim*  and  when  he  had  held  an  ex¬ 
cited  tube  over  it,  at  the  diftance  of  about  an 
inch  or  more,  he  fays,  that  if  it  were  a  large 
tube,  there  v/ould  firft  arife  a  little  mountain 
of  water  from  the  top  of  it,  of  a  conical  form; 
from  the  vertex  of  which  there  preceded  a 
light,  very  vifible  wdien  the  experiment  vras 
performed  in  a  dark  room,  and  a  {flapping 
noife,  almoft  like  that  which  was  made  when 
the  finger  v^as  held  near  the  tube,  but  not 
quite  fo  loud,  and  of  a  more  flat  found.  Upon 
this,  fays  he,  immediately  the  mountain,  if 
I  may  fo  call  it,  falls  into  the  reft  of  the  wa¬ 
ter,  and  puts  it  into  a  tremulous  and  waving 
motion. 

When  he  repeated  this  experiment  in  the 
fun  fihine,  he  perceived  that  very  fmall  par¬ 
ticles  of  water  were  thrown  from  the  top  of 
the  mountain ;  and  that,  fometimes,  there 
would  arife  a  fine  ftream  of  water  from  the 
vertex  of  the  cone,  in  the  manner  of  a  foun¬ 
tain,  from  which  there  iffued  a  fine  fteam  or 
vapour,  whofe  particles  were  fo  fmall  as  not 

'*  PjhiL  Tranf.  abridged,  Vcl.  vii.  p.  23, 
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to  be  feen;  yet*  he  fays,  he  was  certain  it 
mud  be  fo ;  fince  the  under  fide  of  the  tube 
was  wet,  as  he  found  when  he  came  to  rub  it 
afterwards.  He  adds,  that  he  had  fince 
found,  that  though  there  does  not  always  arife 
that  cylinder  of  water,  yet  that  there  is  always 
a  dream  of  invifible  particles  thrown  on  the 
tube,  and  fometimes  to  that  degree  as  to  be 
vifible  on  it. 

When  fame  of  the  largef  cups  Were  ufcd 
(his  fizes  were  from  three  fourths  to  one  tenth 
of  an  inch  in  diameter)  which,  he  fays  were 
to  be  filled  as  high  as  could  be  done  without 
running  over;  the  middle  part  of  the  furface, 
which  was  flat,  would  be  deprefied,  upon  the 
approach  of  the  tube,  into  a  concave,  and  the 
parts  towards  the  edge  be  railed;  and  that 
when  the  tube  was  held  over  againft  the  fide 
of  the  water,  little  conical  protuberances  of 
water  ifliied  out  from  it  horizontally;  and, 
after  the  crackling  noife,  returned  to  the  reft 
of  the  water ;  and  that  fometimes  fmall  par¬ 
ticles  would  be  thrown  off  from  it,  as  from  the 
fmall  portions  of  it  above  mentioned. 

This  Jaft  experiment  he  repeated  with  hot 
water,  and  found  that  it  was  attracted  much 
more  ftrongfy,  and  at  a  much  greater  diftance 
than  before.  The  fleam  anting  from  the  ver¬ 
tex  was  in  this  cafe  vifible,  and  the  tube  was 
fprinkled  with  large  drops  of  water. 

He  tried  thefe  experiments,  in  the  fame 
manner,  with  quickfilver,  which  was  likewife 
railed  up,  but,  by  reafon  of  its  gravity,  not  to 
fo  great  a  height  as  the  water :  but,  he  fays, 

that 


43  The  DISCOVERIES 

that  the  fnapping  noife  was  louder,  and  laded 
much  longer  than  it  did  with  the  water  *. 

It  is  not  eafy  to  know  what  to  make  of 
the  next  fet  of  experiments  which  engage 
ed  the  attention  of  Mr.  Grey,  or  how  far  he 
deceived  himfelf  in  the  refults  of  them.  He 
fancied  that  he  had  difcovered  a  perpetual  at - 
tractive  power  in  all  elecStric  bodies  which  did 
not  require  heating,  rubbing,  or  any  kind  of 
attrition  to  be  excited.  The  following  expe- 
riments,  he  imagined  proved  the  difcovery. 

He  took  nineteen  different  fubftances,  which 
were  either  rofin,  gum  lac,  fliell  lac,  bees  wax, 
fulphur,  pitch,  or  two  or  three  of  thefe  diffe¬ 
rently  compounded.  Thefe  he  melted  in  a 
fpherical  iron  ladle,  except  the  fulphur,  which 
was  beft  done  in  a  glafs  veffel.  When  thefe: 
wTere  taken  out  of  the  ladle,  and  their  fpheri¬ 
cal  furfaces  hardened,  he  fays,  they  would 
not  attraCt  till  the  heat  was  abated,  or  till 
they  came  to  a  certain  degree  of  warmth ;  that 
then  there  was  a  fmall  attraction,  which  in- 
creafed  till  the  fubftance  was  cold,  when  it 
was  very  confiderable  f. 

The  manner  in  which  he  preferred  thefe 
fubftances  in  a  ftate  of  attraction,  was  by  wrap¬ 
ping  them  in  any  thing  which  would  keep 
them  from  the  external  air.  At  firft,  for  the 
fmaller  bodies,  he  ufed  white  paper,  and  for 
the  larger  ones,  white  flannel ;  but  he  after¬ 
wards  found  that  black  worfted  {lockings 

*  Phil.  Tranf.  abridged,  Vol.  vli  p.  24. 

f  Ibid. 


would 


ivould  do  as  well.  Being  thus  cloathed,  he 
put  them  into  a  large  firm  box ;  where  they 
remained,  till  he  had  oceafion  to  make  ufe  of 
them. 

He  obferted  thefe  bodies  for  thirty  days, 
and  found  that  they  continued  to  act  as  vigo- 
roufly  as  on  the  firft  or  fecond  day ;  and  that 
they  retained  their  power  till  the  time  of  his 
writing,-  when  feme  of  them  had  been  pre¬ 
pared  above  four  months. 

He  makes  the  moft  particular  mention  of 
a  large  cone  of  ftone  fulphur,  covered  with  a 
drinking  glafs  in  which  it  was  made;  and 
fays,  that  whenever  the  glafs  was  taken  off, 
it  would  attrad  as  ftrongly  as  the  fulphur, 
which  was  kept  covered  in  the  box.  In  fair 
weather,  the  glafs  would  attrad  alfo,  but  not 
fo  ftrongly  as  the  fulphur,  which  never  failed 
to  attrad,  let  the  wind  or  the  weather  be  ever 
fo  variable  ;  as  would  all  the  other  bodies,  on¬ 
ly  in  wet  weather^  the  attraction  was  not  fo 
great  as  in  fair  weather. 

He  alfo  mentions  a  cake  of  melted  fulphur, 
which  he  kept  without  any  cover,  in  the  fame 
place  with  the  body  abovementioned,  and 
where  the  fun  did  not  fliine  upon  them;  and 
fays,  that  it  continued  to  attrad  till  the  time 
of  his  writing ;  but  that  its  attradion  was  not 
one  tenth  part  of  that  of  the  cone  of  fulphur 
which  was  covered. 

These  attradions  he  tried  by  a  fine  thread, 
hanging  from  the  end  of  a  flick.  Tie  held 
the  eledric  body  in  one  band,  and  the  ftick 
in  the  other ;  and  could  perceive  the  attrac- 
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*tion  at  as  great  a  diftance  as  he  could  hold 
them. 

At  the  time  of  his  writing,  he  was  upon 
the  fubjedt  of  permanent  eledtricity  in  glafs, 
but  had  not  then  completed  his  experi- 
ments 

Great  light  will  be  thrown  upon  thefe 
experiments  of  Mr.  Grey  by  fome  that  will 
be  hereafter  related  of  Mr.  Wilcke.  It  is  pro¬ 
bable  that  the  glafs  veffel  in  thefe  experiments 
was  poffeffed  of  one  eledtricity,  and  the  ful- 
phur,  &c.  of  the  other.  But  the  two  eledtri- 
cities  were  not  difcovered  till  afterwards. 

We  are  now  come  to  a  different  fet  of  elec¬ 
trical  experiments,  made  by  Mr.  Grey  and 
Mr.  Wheeler  in  conjundiion,  fimilar  to  fome 
of  Mr.  Haukfbee*s. 

In  the  firft  place,  Mr.  Grey  made  fome 
experiments,  which,  probably  unknown  to 
him,  had  been  made  before  by  Mr.  Boyle, 
on  excited  glafs,  and  feveral  other  bodies  in 
vacuo.)  and  found  that  they  would  attradt  at 
very  near  the  fame  diftance  as  in  pleno .  To 
determine  this,  he  fufpended  the  excited  fub- 
ftance  in  a  receiver  of  an  air-pump,  and  when 
it  was  exhaufted,  he  let  the  eledtric  down  to 
a  proper  diftance  from  fome  light  bodies, 
placed  on  a  ftand  below.  The  event  was,  as 
near  as  could  be  judged,  the  fame  in  vacuo  as 
in  the  open  air,  if  the  experiment  was  made 
in  the  fame  receiver,  and  if  the  eledtric  was 
brought  to  the  light  bodies  at  the  fame  dif¬ 
tance  of  time  from  the  adt  of  excitation  f. 

*  Phil,  Tranf,  abridged,  Vol.  vi.  jj>.  27.  f  Ibid. 
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About  the  latter  end  of  Auguft  17^2,  Mr. 
Grey  and  Mr.  Wheeler  fufpended,  from  the 
top  of  a  receiver,  a  white  thread,  which  hung 
down  to  the  middle  of  it.  Then  exhauftin^ 
the  receiver,  and  rubbing  it,  the  thread  was 
attracted  vigoroufly.  When  it  was  at  reft, 
and  hung  perpendicularly,  the  excited  tube 
attracted  it ;  and  when  the  tube  was  taken 
away  flowly,  the  thread  returned  to  its  per¬ 
pendicular  fituation ;  but  the  tube  being  re¬ 
moved  haftily,  the  thread  jumped  to  the  op¬ 
posite  fide  of  the  receiver.  This  laft  effect  fol¬ 
lowed,  if  the  hand  was  haftily  removed  from 
the  receiver;  and  at  firft  it  appeared,  in  both 
cafes,  unaccountable  to  them ;  but  upon  far¬ 
ther  consideration,  they  concluded,  that  it 
proceeded  from  the  motion  of  the  air,  made 
by  the  tube,  or  the  hand,  which  Shook  off  the 
attraction  on  that  fide,  and  not  on  the  other 
They  alfo  found,  that  an  excited  tube  would 
attraCt  the  thread  through  another  receiver, 
which  was  put  over  that  in  which  it  was  fuf¬ 
pended.  And,  Sometime  after,  Mr.  Wheeler 
found  that  the  thread  was  attracted  through 
five  receivers  put  one  over  another,  and  all 
exhaufted :  he  even  thought  that,  in  this  cafe, 
the  attraction  was  rather  ftronger  than  when 
a  Single  receiver  was  ufed  N  B.  The  more 
effectually  to  keep  any  thing  of  moifture  out 
of  the  receivers,  which  would  have  been  of 
bad  confequence  in  this  experiment,  inftead 
of  wet  leather,  he  made  ufe  of  a  cement  made 


*  Phil.  Tranf.  abridged,  Vol.  vii.  p.  56.  f  Ibid.  p.  97*J 

E  z  of 


52  The  DISCOVERIES 

of  wax  and  turpentine,  which  Mr.  Boyle  ufe S 
in  his  experiments 

Thefe  two  gentlemen,  about  the  fame  time, 
made  a  curious  experiment  which,  they  fay, 
ihewed  that  attraction  is  communicated  thro* 
opaque,  as  well  as  tranfparent  bodies,  not  in 
vacuo.  But  a  little  knowledge  of  metal,  as  a 
conductor  of  electricity,  would  have  faved 
them  the  trouble  they  gave  themfelves.  They 
took  a  large  hand-bell,  and  taking  out  the 
clapper,  they  fufpended  a  cork,  befmeared 
with  honey,  from  the  top  of  it ;  and  fet  it  on 
a  piece  of  glafs,  on  which  they  had  put  feme 
leaf  brafs.  The  excited  tube  was  then  brought 
near  feveral  parts  of  the  bell ;  and,  upon  tak¬ 
ing  it  up,  feveral  pieces  of  leaf  brafs  were 
found  flicking  to  the  cork,  and  others  wrere 
removed  from  the  places  in  which  they  had 
been  left,  having,  probably,  been  attracted 
by  the  bell  f . 

We  fee  by  how  fmall  Heps  advances  were 
made  in  the  fcience  of  electricity,  by  fome  ex¬ 
periments  made  by  Mr.  Grey,  1 6  th  June  1731, 
and  which  he  has  thought  worth  recording  ; 
though  they  contain  hardly  any  thing  which 
we  fhould  think  new,  notwithftanding  the 
difcoveries  appeared  pretty  confiderable  to 
him. 

He  eleCtrified  a  boy  Handing  on  cakes  of 
rofin,  as  ftrongly  as  he  had  before  eleCtrified 
him  when  fufpended  on  hair  lines.  He  after¬ 
wards  eleCtrified  a  boy  fufpended  on  hair  lines. 


*  Phil.  Tranf,  abridged,  Vol.  vii.  p.  97.  f  Ibid.  96. 
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by  means  of  a  line  of  communication  from 
another  boy  who  was  electrified,  .at  fome  feet 
diftance  from  him.  He  varied  this  experi¬ 
ment  with  rods  and  boys  feveral  ways;  and 
concluded  from  it,  that  the  electric  virtue  might 
not  only  be  carried  from  the  tube,  by  a  rod, 
or  line,  to  diftant  bodies,  but  that  the  fame 
rod,  or  line,  would  communicate  that  virtue 
to  another  rod,  or  line,  at  a  diftance  from  it ; 
and  that,  by  this  other  rod,  or  line,  the  at¬ 
tractive  force  might  be  carried  to  ftill  more 
diftant  bodies.  This  experiment  Chews  that 
Mr.  Grey  had  not  properly  confidered  the  line 
of  communication,  and  the  body  electrified  by 
it,  as  one  and  the  fame  thing,  in  an  eleCtrical 
view,  differing  only  in  form,  as  they  were 
both  alike  conductors  of  eleCiricity. 

In  December  following,  Mr.  Grey  carried 
this  experiment  fomething  farther,  by  con¬ 
veying  electricity  to  bodies  which  did  not 
touch  the  line  of  communication,  making  it 
pafs  through  the  center  of  hoops  {landing  on 
glafs.  One  of  his  hoops  vras  twenty,  another 
forty  inches  in  diamer  % 


*  Phil.  Tranf,  abridged,  Vol.  vii.  p,  ioo. 
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P  E  R  I  O  D  IV.  ~ 

The  experiments  and  discoveries  or 

Mr.  Du  FAY. 

T  TITHERTO  thefpiri.tof  eledricity  feems 
j|  1,  to  have  been  confined  to  England  ;  but, 
about  this  time,  we  find  that  it  had  willed  the 
feas,  and  that  ingenious  foreigners  were  am¬ 
bitious  of  diftinguifhmg  themielves,  and  ac¬ 
quiring  reputation  in  this  new  field  of  glory. 
Mr.  Du  Fay,  intendant  of  the  French  king 5 s 
gardens,  and  member  of  the  academy  of  fci- 
ences  at  Paris,  aiiiduoufly  repeated  the  experi¬ 
ments  above-mentioned  of  Mr.  Grey,  and 
like  wife  added  to  the  common  flock  many 
new  ones’  of  his  own.  To  him  we  are  alfo 
indebted  for  the  obfervation  of  feveral  general 
properties  of  dedrieity,  or  rules  concerning 
the  method  of  its  adion,  which  had  not  been 
taken  notice  of  before,  and  which  reduced  to 
fewer  propofitions  what  had  been  diicovered 
concerning  it.  Thefe  experiments  were 
comprifed  in  eight  memoirs,  inferted  in  the 
Hiftcry  of  the  Academy  of  Sciences  for  the 
years  1733?  1734  and  1737;  and  an  account 
of  fome  of  them  alfo  makes  an  article  in  the 
Philofophical  Tranfadions,  dated  December 
27,  ^733*  The  fir  ft  of  his  memoirs  con¬ 
tain  a  hiftory  of  eledricity,  brought  down  to 
the  year  1 7  3  2 

#  Dantzick  Merfioirs,  Vo!,  i.  p.  195. 
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He  found  that  all  bodies,  except  metallic, 
foft,  and  fluid  ones,  might  be  made  eledric, 
by  firft  heating  them,  more  or  lefs,  and  then 
rubbing  them  on  any  fort  of  cloth.  He  alfo 
excepts  thofe  fubftances  which  grow  foft  by 
heat,  as  gum;  or  which  diflblve  in  water,  as 
glue.  He  alfo  remarked,  that  the  hardeft 
ftone  and  marble  required  more  chafing  and 
heating  than  other  bodies,  and  that  the  fame 
rule  obtains  with  regard  to  woods  ;  fo  that 
box,  lignum  vitas,  and  other  kinds  of  very 
hard  wood  mu  ft  be  chafed  almoft  to  a  degree 
of  burning;  whereas  fir,  lime-tree,  and  cork 
require  but  a  moderate  heat  *.  Among  the 
more  perfect  eledrics  he  enumerates  all  vitri¬ 
fications ,  the  Venetian  and  Mufcovite  talc ,  the 
phofphorus  of  Berne ,  gypfum ,  t  ran  (parent  fe~ 
Unites ,  and  in  general  all  tranfparent  Jiones , 
of  whatfoever  kind  f .  Of falls  he  tried  only 
alum ,  and  fugar  candy ,  both  of  which  he 
found  to  be  electrical,  after  warming  and  rub¬ 
bing  ;  and  he  fuppofed  that  ail  the  reft  would 
be  found  to  have  the  fame  properties,  if  due 
precautions  were  obferved  in  making  the  expe¬ 
riments.  He  alfo  obferved  the  eledricity  of 
all  kinds  of  hair ,  Jilk ,  wool  and  cotton ,  and 
efpecially,  what  appeared  to  him  very  extra¬ 
ordinary,  the  powerful  eledricity  of  the  back 
of  a  dog ,  and  ftill  more  that  of  a  cat 

He  found  that  not  only  damp  air,  but  alfo 
great  heat  was  prejudicial  to  eledricity,  and 

1  \  « 

*  Phil.  Tranf.  abridged,  Vol.  viii.  p.  395. 
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that  his  experiments  often  failed  in  the  warm- 
jcft  hours  of  a  moderately  hot  day  Alfq 
when  he  heated  feveral  bodies,  in  order  to  ex¬ 
cite  their  eledric  power,  he  found  that  in  fome 
the  hotteft,  and  in  others  the  cooleft  parts  on¬ 
ly  were  eledrical  f . 

He  fays,  that,  purfuing  Mr.  Grey^s  expe¬ 
riments,  to  make  water  receive  eledricity,  he 
found,  that  all  bodies,  without  exception, 
whether  folid  or  fluid,  were  capable  of  it, 
when  they  were  placed  on  glafs,  or  fealing- 
wax  flightly  warmed,  or  only  dried,  and  the 
excited  tube  was  brought  near  them.  He  par¬ 
ticularly  mentions  his  having  made  the  expe¬ 
riments  with  ice,  lighted  wood,  red  hot  iron 
coal,  and  every  thing  that  happened  to  be  at 
hand  at  the  time ;  and  to  his  great  furprize,  re-? 
marked,  that  fuch  bodies  as  were  of  them- 
felves  the  lead;  eledric,  had  the  greateft  de¬ 
gree  of  eledricity  communicated  to  them  by 
the  approach  of  the  excited  tube  §. 

To  determine  whether  the  tranfparency  of 
glafs  was  the  caufe  of  the  tranfmiflion  of  the 
eledric  effluvia  through  that  fubftance  (for  no 
one  at  that  time  fufpeded  that  bodies  could  be 
axfeded  by  eledricity  through  glafs  in  con- 
fequence  of  its  being  adually  permeable  to  the 
eledric  matter)  he  ufed  fealing  wax,  and  found 
that  light  bodies  were  affeded  through  that 

f  .  , 

*  Dantsick  Memoirs,  Vol.  5.  p.  21 1. 

f  Ac.  Far.  1733,  M.  P4  I09’ 

I  Nollet’s  Recherches,  p.  212 
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opaque  mbftance,  as  much  as  through  glafs  % 

He  refutes  Mr.  Grey's  affertion  concerning 
the  different  ele&ricity  of  differently  colour¬ 
ed  bodies,  and  thews  that  it  proceeded  not 
from  the  colour  as  a  colour ,  but  from  the  fub- 
ftance  which  was  employed  in  dying  it  f. 

In  order  to  determine  whether  fimple  colour 
had  any  influence  in  electricity,  he  introduced 
a  beam  of  the  fun’s  light  into  a  darkened  room, 
and  made  his  experiments  on  bodies  illumi¬ 
nated  with  the  different  primitive  colours  ; 
and  he  found  that,  in  no  refpedf  whatever,  did 
the  different  colours  make  any  difference  in 
the  power  of  receiving,  communicating,  or 
deftroying  ele&ricity 

Having  communicated  the  electricity  of 
the  tube,  by  means  of  a  packthread,  after 
Mr.  Grey’s  manner,  he  obferved,  that  the 
experiment  fucceeded  better  for  wetting  the 
line  ;  and  though  he  made  the  experiment  at 
the  difiance  of  one  thoufand  two  hundred  and 
fifty-fix  feet,  when  the  wind  was  high,  the 
line  making  eight  returns,  and  palling  through 
two  different  walks  of  a  garden,  that  the  elec¬ 
tric  virtue  was  ftill  communicated  §.  He  alfo 
made  ufe  of  glafs  tubes,  fometimes  lined  with 
dealing  wax,  and  found  that  it  anfwered  as 
well  as  filk  lines,  and  was  often  more  con¬ 
veniently  applied  |{. 

Our  ingenious  eledfrician  varied  this  ex¬ 
periment  by  fufpending  two  cords  with  their 

*  Ac,  Par.  1737,  M.  p.  338.  f  Ibid.  1733.  M.p.  337. 

|  }b.  p.  334.  §  Phil.  Tranf.  abridged,  VoL  viii.  p.  3,5. 

(i  Ac.  Par.  1733.  M.  p.  345. 
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ends  oppofite  to  one  another,  and  found  that 
when  they  were  placed  at  no  greater  diftance 
than  an  inch,  the  electricity  was  communi¬ 
cated  without  any  fenfible  diminution  from 
the  one  to  the  other ;  but  at  the  diftance  of  a 
foot  it  was  hardly  fenfible.  When  the  cords 
were  placed  at  the  diftance  of  three  inches,  he 
found  that  a  lighted  candle  held  between  them 
did  not  prevent  the  tranftnillion  of  electricity, 
nor  did  the  blaft  of  a  pair  of  bellows  Bring¬ 
ing  wood  and  other  conducting  fubftances,  fuf- 
pended  by  filk,  to  this  electrified  cord,  he 
found,  as  he  had  concluded  a  priori ,  that  it 
loft  only  part  of  its  eleCtricity;  the  whole 
quantity  being  equally  diftributed  between 
them  j\ 

The  eleftric  fpark  from  a  living  body,  which 
makes  a  principal  part  of  the  diverfion  of 
gentlemen  and  ladies,  who  come  to  fee  expe¬ 
riments  in  eleCtricity,  was  firft  obferved  by 
Mr.  du  Fay,  accompanied  at  that  time,  as  in 
moft  of  his  experiments,  by  the  Abbe  Nollet, 
who,  afterwards,  we  fhall  find,  did  himfelf 
obtain  a  diftinguifhed  name  among  electri¬ 
cians. 

Mr.  Du 'Fay,  having  got  himfelf  fufpend- 
cd  on  iilk  lines,  as  Mr.  Grey  had  done  the 
child  mentioned  above,  obferved,  that,  as  foon 
as  he  was  elefi! rifled,  if  another  perfon  ap¬ 
proached  him,  and  brought  his  hand  within 
an  inch,  or  thereabouts,  of  his  face,  legs, 
hands,  or  cloaths,  there  immediately  iffued 

*  Ac,  Par.  1733.  M.  p.  350,,  f  Ibid,  p  352. 
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from  his  body  one  or  more  pricking  flioots, 
attended  with  a  crackling  noife.  He  fays  this 
experiment  occahoned  to  the  perfon  who 
brought  his  hand  near  him,  as  well  as  to  him- 
felf,  a  little  pain,  refembling  that  of  the  hid¬ 
den  prick  of  a  pin,  or  the  burning  from  afpark 
of  fire  ;  and  that  it  was  felt  as  fenfibly  through 
his  cloaths,  as  on  his  bare  face,  or  hands.  He 
alfo  obferves,  that,  in  the  dark,  thofe  flapp¬ 
ings  were  fo  many  fparks  of  fire 

The  Abbe  Nollet  fays  he  fhall  never  for¬ 
get  the  furprize,  which  the  firft  eledrical  fpark 
which  was  ever  drawn  from  the  human  body 
excited,  both  in  Mr.  du  Fay,  and  in  him- 
feff. 

He  fays  that  thofe  flappings  and  fparks 
were  not  excited,  if  a  bit  of  wood,  of  cloth, 
or  of  any  other  fubftance  than  a  living  human 
body,  was  brought  near  him;  except  metal,- 
which  produced  very  nearly  the  fame  effect 
as  the  human  body.  He  was  not  aware,  that 
it  was  owing  to  points,  or  partial  drynefs,  in 
the  fubftances  which  he  mentions,  that  they 
did  not  take  a  full  and  ftrong  fpark.  He  feems 
alfo  to  have  been  under  fome  deception,  when 
he  imagined  that  the  flefh  of  dead  animals 
gave  only  an  uniform  light,  without  any  flap¬ 
ping,  or  fparks  §. 

From  this  circumftance,  however,  he,  at 
that  time  concluded,  that  the  bodies  of  liv- 

*  Phil.  Tranf.  Vol.  viii.  p.  395.  Ac,  Par.  1733.  M. 
P-  3S3- 

X  Lemons  de  Phyfiquc,  Vo!,  vi.  p.  408. 

$  Phil.  Tranf.  abridged,  Vol.  viii,  p.  39^.  Ac.  Par,  1734. 
M.  714, 
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ing  animals,  (and  alfo  metals)  were  furround- 
ed  with  an  atrnofphere  of  vapour,  which  was 
actually  fet  on  fire  by  eledtric  light 

He  obferved,  that  a  cat  emitted  an  eledtric 
fpark,  which  evidently  gave  her  pain,  when 
the  finger  was  brought  to  any  part  of  her 
body,  after  (lie  had  been  ftroked,  while  the 
was  fitting  on  a  filk  cufhion.  This  mu  ft  have 
appeared  very  extraordinary,  before  it  was 
known,  that  the  electric  matter  palled  from, 
the  hand  to  the  cat,  in  the  adt  of  robbing  •f*. 

With  the  eledtric  fparks,  he  imagined  he 
could  have  fired  inflammable  fubftances  ;  and 
he  made  Several  attempts  with  tinder  and 
gunpowder,  but  without  fuccefs :  he  found 
no  appearance  of  real  fire.  This  was  a  dis¬ 
cover  y  referyed  for  the  Germans  t. 

The  two  next  capital  obfervations  of  Mr, 
Du  Fay  I  fhall  repeat  in  his  own  words,  be* 
caufe  they  are  important  ^nd  curious ;  and  yet 
the  former  of  them  is  little  more  than  what 
Otto  Guericke  had  obferved  before  him.  u  I 
f*  difcovered,”  he  fays,  “  a  very  fimple  prin-^ 
ciple,  which  accounts  for  a  great  part  of 
56  the  irregularities,  and,  if  I  may  ufe  the 
^  term,  of  the  caprices,  that  feem  to  accom- 
u  pany  moft  of  the  experiments  in  electricity. 
This  principle  is,  that  eledtric  bodies  at-^ 
tradt  all  jthofe  which  are  not  fo,  and  repel 
u  them  as  foon  as  they  are  become  eledtric* 
<c  by  the  vicinity  or  contadt  of  the  eledtric 
body.  Thus  leaf  gold  is  firft  attradled  by 


*  Dantzick  Memoirs,  VoU  i.  p,  215.  230. 
f  Ibid.  p.  2  26,  |  ibid,  p  229. 
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A  ,  «  \ 

u  the  tube ;  acquires  eledtricity  by  approach-* 

<6  ing  it,  and,  confequently,  is  immediately 
44  repelled  by  it;  nor  is  it  re-attraded,  while 
<4  it  retains  its  eledlric  quality.  But  if,  while 
44  it  is  thus  fuftained  in  the  air,  it  chance  to 
a  light  on  feme  other  body,  it  ftraightway 
44  lofes  its  eledtricity,  and  confequently  is  re- 
attracted  by  the  tube ;  which,  after  having 
44  given  it  a  new  electricity,  repels  it  a  fecorid 
44  time;  and  this  repulfion  continues  as  long 
44  as  the  tube  keeps  its  power*  Upon  apply- 
44  ing  this  principle  to  various  experiments  of 
44  electricity,  one  will  be  furprifed  at  the 
44  number  of  obfcure  and  puzzling  fads 
44  which  it  clears  up.55  By  the  help  of  this 
principle,  he,  particularly,  endeavours  to  ex¬ 
plain  feveral  of  Mr.  Haukfbee’s  experi¬ 
ments  *. 

44  Chance,  he  fays,  has  thrown  in  my 
44  way  another  principle  more  univerfal  and 
44  remarkable  than  the  preceding  one ;  and 
44  which  cafts  a  new  light  upon  the  fubject  of 
44  electricity.  The  principle  is,  that  there 
44  are  two  kinds  of  electricity ,  very  different 
44  from  one  another;  one  of  which  I  call 

44  vitreous ,  the  other  rejinous  eledtricity.  The 

■*  * 

44  fir  ft  is  that  of  glafs,  rock-cryftal,  precious 
44  ftones,  hair  of  animals,  wool,  and  many 
44  other  bodies.  The  fecond  is  that  of  am- 
44  her,  copal,  gum  lac,  iilk,  thread,  paper, 
44  and  a  vaft  number  of  other  fubftanees. 
44  The  charaderifiics  of  thefe  two  eledtricities 

*  Phil.  Tranf.  abridged,  Vol,  viii.  p.  396. 
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44  are,  that  they  repel  themfelves,  and  at- 
44  trad  each  other.  Thus  a  body  of  the  vi- 
44  treous  eledricity  repels  all  other  bodies 
44  poffeffed  of  the  vitreous,  and  on  the  con- 
44  trary,  attrads  all  thofe  of  the  refinous 
44  eledricity.  The  refinous,  alfo,  repels  the 
44  refinous,  and  attrads  the  vitreous.  From 
44  this  principle,  one  may  eafily  deduce  the 
44  explanation  of  a  great  number  of  other 
44  phenomena ;  and  it  is  probable,  that  this 
44  truth  will  lead  us  to  the  difcovery  of  many 
44  other  things.55 

This  very  capital  difcovery  was,  as  the  in¬ 
genious  author  acknowledges,  perfedly  acci¬ 
dental,  haying  been  made  in  confequence  of 
cafually  obferving  (which,  he  fays,  was  to  his 
great  furprize)  that,  having  caufed  a  piece  of 
leaf  gold  to  be  repelled,  and  fufpended  in  the 
air,  by  an  excited  glafs  tube,  and  meaning 
likewife  to  chafe  it  about  the  room  by  a 
piece  of  excited  gum  copal,  inftead  of  being 
repelled  by  it,  as  it  was  by  the  glafs  tube,  it 
was  eagerly  attraded.  The  fame  was  the 
cafe  with  fealing-wax,  and  the  other  fob* 
fiances  enumerated  above.  He  alfo  obferved, 
that  when  a  piece  of  leaf  gold  was  eledrified 
by  excited  fealing-wax,  &c,  it  was  conftantly 
attraded  by  excited  glafs,  but  repelled  by  ex¬ 
cited  fealing-wax,  &c.  * 

Our  ingenious  eledrician  was,  however, 
too  hafty  in  concluding,  as  he  did,  that  the 
two  electricities  which  he  had  uncovered  were 

*  Ac.  Far.  173-3,  p.  627. 
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altogther  independent  of  the  fubftance  with 
which  the  electrics  were  rubbed.  All  the  dif¬ 
ference,  he  fays,  produced  by  a  change  of 
the  rubber,  was  that  of  more  or  lefs  of  the  fame 
kind  *.  We  fhall  find  that,  in  a  much  later 
period,  the  contrary  was  difcovered  to  be 
true  by  Mr,  Canton. 

In  order  to  know,  immediately,  to  which 
of  the  two  claffes  of  electricity  any  body  be¬ 
longed,  he  made  a  filk  thread  electrical,  and 
brought  it  to  the  body,  when  it  was  excited. 
If  it  repelled  the  thread,  he  concluded  it  was 
of  the  fame  electricity  with  it,  viz.  re fi nous ; 
if  it  attracted  it,  he  concluded  it  was  vitre¬ 
ous  f .  He  had  alfo  other  ingenious  methods 
to  ascertain  the  fame  thing  t. 

He  alfo  obferved,  that  communicated  elec¬ 
tricity  had  the  fame  property  as  the  excited. 
For  having  electrified,  by  the  glafs  tube, 
balls  of  wood  or  ivory ;  he  found  them  to  re¬ 
pel  the  bodies  which  the  tube  repelled,  and  to 
attract  thofe  which  the  tube  attracted.  If 
they  had  the  refinous  electricity  communicat¬ 
ed  to  them,  they  obferved  the  fame  rule,  by 
attracting  thofe  bodies  which  bad  the  vitreous 
electricity  communicated  to  them,  and  re¬ 
pelling  thofe  which  had  received  the  refinous. 
But,  he  obferves,  the  experiment  would  not 
fucceed,  if  the  bodies  were  not  made  equally 
eleCtrical ;  for,  if  one  of  them  was  weakly 
eleCtrical,  it  would  be  attracted  by  that  which 

*  Ac.  Par.  1733,  M.  p.  639. 

f  Phil.  Tranf.  abridged,  Vol.  viii.  p  397. 
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was  much  more  ftrongly  eledrical,  of  whaf^ 
ever  quality:  it  was* 

This  difeovery  of  the  two  eledricities  wal 
certainly  a  capital  one,  but  was,  notwitb- 
ftanding,  left  very  imperfed  by  Mr.  Du  Fay/ 
We  fhall  fee  that  Dr.  Franklin  found,  that, 
in  all  probability,  the  vitreous  eledricity  is 
pofitive,  or  .a  redundancy  of  eledric  matter 
and  the  refmous,  negative,  or  a  want  of  it  j 
and  that  Mr.  Canton  has  difcovered,  that  it 
depends  upon  the  furfaceof  the  eledric  bodies, 
and  of  the  rubber,  whether  the  eledricity  be 
pofitive  or  negative. 

THEdodrineof  two  different  eledricities# 

produced  by  exciting  different  fubftanees, 

confiderable  as  the  difeovery  of  it  was,  feems' 

to  have  been  dropped  after  Mr.  Du  Fay,  and 

Ihofe  effeds  aferibed  to  other  caufes ;  which 
*  * 

is  an  mftanee  that  feienee  fometimes  goes’ 
backwards.  . 

Mr.  Du  Fay  himfelf  feems,  at  laid,  to: 
have  adopted  the  opinion,  which  generally 
prevailed  to  the  time  of  Dr.  Franklin  ;  that 
the  two  eledricities  differed  only  in  degree# 
and  that  the  ftronger  attraded  the  weaker  ; 
not  confidering  that,  upon  this  principle, 
bodies  poffdfed  of  the  two  eledricities  ought 
to  attrad  one  another  lefs  forcibly,  than  if  one 
of  them  had  not  been  eiedrified  at  all,  which 
is  contrary  to  fad. 

It  will  be  feen  that,  many  years  after, 
Mr.  Kinnerfley  of  Philadelphia,  a  friend  of 
Dr.  Franklin’s,  being  at  Bofton  in  New  Eng¬ 
land,  made  fome  experiments  which  again’ 
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fhewed  the  difference  of  the  two  electricities. 
He  communicated  thofe  experiments  to  Dr. 
Franklin,  who  repeated  and  explained  them  A 
Mr.  Da  Fay  was  the  firft  perfon  who  en¬ 
deavoured  to  excite  a  tube  in  which  air  was 
condenfed,  and,  to  his  great  furprize,  found 
the  attempt  ineffectual.  Sufpecting  this  might 
be  owing  to  moifture,  which  he  might  have 
forced  into  the  tube,  in  ufing  his  condenfing 
inftrument,  he  cemented  a  large  copper  eoli- 
pile  to  his  tube,  and  compreffed  the  air  in  it, 
by  putting  the  eolipile  upon  the  fire.  After 
this,  he  turned  a  cock,  which  he  had  placed 
to  prevent  the  return  of  the  compreffed  air, 
and  difengaged  the  tube  from  the  eolipile ; 
but  he  ftill  found  the  excitation  to  be  impof- 
fiblef.  The  Abbe  Nollet,  who  affifted  at 
mod  of  this  gentleman  s  experiments,  declares 
himfelf  not  fatisfied  even  with  this  precau¬ 
tion  ;  thinking  that  the  non-excitation  of  the 
tube  might  ftill  be  owing  to  the  moifture, 
'which  always  exifts  in  the  air,  and  the  par¬ 
ticles  of  which  muft  be  drawn  nearer  to¬ 
gether  by  condenfation  In  anfwer  to  this 
obje&ion,  Mr.  Boulanger  fays,,  that  a  fmall 
glafs  full  of  water  poured  into  a  tube,  and 
immediately  thrown  out  again,  will  not  de- 
ftroy  the  excitability  of  the  glafs  near  fo 
much  as  the  condenfed  air  §. 

Mr. Du  Fay  found  no  difference  in  the  ex¬ 
citation  of  a  glafs  tube  whether  it  was  filled 
with  warm .fund  or  not;  but  when  the  tube  was 

*  See  his  Letters.  f  Ac,  Par.  1734.  M,  p.  489. 

X  Nolkt’e  Recherches,  p.  258.  §  Boulanger,  p.  132. 
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cool  it  was  not  fo  eafily  excited.  The  exci¬ 
tation  was  more  obftruded  by  bran ,  and 
much  more  by  water ,  warm  or  cold  ;  though, 
he  fays,  that  the  eledricity  was  not  quite  de- 
ftroyed  by  it  *. 

Mr.  Du  Fay  took  a  good  deal  of  pains  to 
afcertain  the  effed  of  eledricity  in  vacuo , 
but  his  conclufion  can  hardly  be  depended 
upon.  For,  he  fays,  that  giajs ,  and  other  fub¬ 
ftances  poifeffed  of  the  fame  kind  of  eledri- 
city,  are  hardly  capable  of  being  excited  in 
vacuo  ;  whereas  amber ,  and  the  fubftances  of 
that  clafs,  are  excited  as  eafily,  and  as  vi- 
goroufly  in  vacuo ,  as  in  the  open  air.  The 
vacuum  he  made  feems  to  have  been  as  good 
as  can  be  made  by  the  better  kind  of  our  air- 
pumps  •f*. 

This  philofopher  was  the  firft  who  obferved 
that  eledric  fubftances  attrad  the  dew  more 
than  condudors.  He  obferved  that  a  glafs 
veflel,  p;aced  on  a  metal  cup,  and  fet  in  the 
open  air  all  day,  will  often  be  wet  when  the 
metal  is  dry.  S  Beccaria  accounts  for  this 
fad,  by  fuppofing  that  alterations  in  the  elec¬ 
tricity  of  the  air  eafily  produce  correfpondent 
alterations  in  the  eledricity  of  metals,  in 
which  the  eledric  fluid  moves  with  the  ut- 
moft  eafe,  but  not  in  glafs.  Whenever, 
therefore,  the  ftate  of  the  eledric  fluid  in  the 
air  is  altered,  the  glafs  is  eledrified  plus  or 
minus ,  and  therefore  at  t  rads  the  vapours  in 
the  air 

*  Ac.  Par.  1733.  M.  p.  341. 

f  Ac.  Par.  1734.  M.  p.  489. 

|  Beccaria  del  eiettncifaio  naturals  ct  artificiale,  p.  179^ 
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It  muft  be  obferved,  that  Mr.  Granville 
Wheeler,  in  the  autumn  of  the  year  1732, 
made  feveral  curious  experiments,  relating  to 
the  repulflve  force  of  electricity.  Thefe  he 
repeated  to  Mr.  Grey  in  the  fummer  follow¬ 
ing,  and  defigned  to  communicate  them, 
through  his  hands,  to  the  Royal  Society ; 
but,  deferring  the  execution  of  it  from  time 
to  time,  he  was  informed  that  Mr.  Du  Fay 
had  taken  notice  of  the  fame  folution  of  the 
repulfive  force.  Upon  this  he  laid  afide  all 
thoughts  of  communicating  his  clifcovery  to 
the  public  :  but,  finding  that  his  experiments 
were  different  from  thofe  of  Mr.  Du  Fay,  he 
was  perfuaded  to  publifh  them  in  the  Philofo- 
phical  TranfaCtions  for  the  year  1739. 

The  experiments  were  made  by  threads  of 
various  kinds,  and  other  fubftarices,  hanging 
down  from  filk  lines,  and  generally  made  to 
repel  one  another  by  the  approach  of  an  ex¬ 
cited  tube.  The  refult  of  them  all  he  com- 
prifed  in  the  three  following  propofitions, 
1  ft.  That  bodies  made  eledtrical,  by  commu¬ 
nication  with  an  excited  eleflric,  are  in  aftate 
of  repul fion  with  refpeCt  to  fuch  excited  bo¬ 
dies.  2 dly .  That  two,  or  more  bodies,  made 
ele:lrical  by  communicating  with  an  excited 
eleClric,  are  in  a  ftate  of  repulfion  with  refpeCt 
to  one  another,  ^dly.  Excited  eleCtrics  do 
themfelves  repel  one  another 

Ome  of  his  experiments,  to  prove  the  fe~ 
coad  of  thefe  propofitions,  deferves  to  be 

*  Phij.  Tranf.  abridged,  Vol.  viii,  p.  41 1. 
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mentioned  for  its  curiofity.  He  tied  a  num¬ 
ber  of  filk  threads  together,  by  a  knot  at  each 
extremity;  when,  upon  eledrifying  them, 
the  threads  repelled  one  another,  and  the 
whole  bundle  was  fwelled  out  into  a  beauti¬ 
ful  fpherical  figure;  fo  that  he  could  with 
pleafure,  he  fays,  obferve  the  knot  at  the 
bottom  riling  upwards,  as  the  eledricity  and 
mutual  repulfion  of  the  threads  increafed  ; 
and  he  could  not  help  imagining  his  bundle 
of  filks  to  refemble  a  bundle  of  mufcular 
fibres. 

By  way  of  corollary  to  the  fame  propo- 
fition,  he  obferves,  that  it  fuggefts,  more 
plainly  than  any  other  know  experiment,  a 
reafon  for  the  diffolution  of  bodies  in  men- 
ftrua ;  viz.  that  the  particles  of  the  folvend, 
having  imbibed  particles  of  the  menftrua,  fo 
as  to  be  faturatecl  with  them,  the  faturated 
particles  become  repullive  of  one  another,  fe- 
parate,  and  fly  to  pieces  *. 

#  Philofophical  Tranfa&ions  abridged,  Vol.  viii.  p.  41#, 
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PERIOD  V. 

The  continuation  and  conclusion  of 
Mr,  GREY’s  experiments, 

MR.  GREY,  upon  refuming  his  expe- 
riments,  expreffes  great  fatisfadion, 
that  his  former  obfervations  had  been  con- 
firmed  by  fo  judicious  a  philofopher  as  Mr. 
Du  Fay  *,  who,  he  acknowledges,  had  made 
feveral  new  ones  of  his  own,  particularly  that 
important  luciferous  one ,  as  he  calls  it,  recit¬ 
ed  above ;  which,  put  him  upon  making  the 
experiments  which  follow,  and  which  were 
made  in  the  months  of  July  and  Aug  mi 
1734*. 

As  Mr.  Du  Fay  had  faid,  that  the  flap¬ 
pings  and  the  fparks,  he  had  mentioned, 
were  ftrongly  excited  by  a  piece  of  metal, 
prefented  to  the  perfon  fufpended  on  filk  lines ; 
Mr.  Grey  concluded,  that  if  the  perfon  and 
metal  fhould  change  places,  the  effed"  would 
be  the  fame.  He,  accordingly,  fufpended 
feveral  pieces  of  metal  on  filk  lines,  begin¬ 
ning  with  the  common  utenfils,  which  were 
at  hand,  as  the  poker,  tongs,  fire  fhovel,  &c. 
and  found,  that,  when  they  were  eledrified, 
they  gave  fparks,  in  the  fame  manner  as  the 
human  body  had  done  in  like  circumftances* 


*  Phil.  Tranf.  abridged,  Vol,  viii,  p,  397. 
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This  was  the  origin  of  metallic  conduBorst 
which  are  in  ufe  to  this  day  *. 

Mr.  Grey  did  not,  at  the  time  above- 
mentioned,  think  of  making  his  experiments 
in  the  dark,  in  order  to  fee  the  light  proceed¬ 
ing  from  the  iron ;  not  imagining,  that  elec¬ 
tricity,  communicated  to  metals  would  have 
produced  fuch  furprifmg  phenomena,  as,  he 
fays,  he  afterwards  found  it  to  do. 

Continuing  his  experiments  at  Mr. 
Wheeler’s,  they  found,  that  the  fleflh  of  dead 
animals  exhibited,  very  nearly,  the  fame  ap¬ 
pearances  as  that  of  living  animals,  contrary 
to  the  affertion  of  Mr.  Du  Fay. 

But  what  moft  furprifed  Mr,  Grey,  and 
the  gentlemen  then  prefent,  in  the  experi¬ 
ments  he  made  upon  that  occafion,  was  the 

*  Phil.  Tranf.  abridged,  Vol.  viii.  p<  398. 

In  order  the  more  con  veniently  to  communicate  ele£Iricity  to 
the  iron  bar,  Mr.  Du  Fay  (who  adopted  the  contrivance  from 
Mr.  Grey)  fattened  to  the  end  of  it  a  bundle  of  linen  threads ,  to 
which  he  applied  his  excited  tube  He  was  led  to  prefer  the 
thread  for  this  purpofe,  in  confequence  of  having  found  that, 
©f  the  flexible  fubftances,  wool,  filk,  cotton,  or  //»?»  ;  the  laft 
was  moft  attracted  by  an  excited  eledirie  He  fufpended  them 
all  to  the  fame  bar,  and  brought  an  excited  glais  tube  to  an 
equal  di fiance  from  them  all  at  the  fame  time,  and  obferved 
that  they  were  attraded  in  the  order  in  which  I  have  mention¬ 
ed  them,  wool  the  leaft,  and  linen  the  moft.  Ac.  Par.  1737.  M. 
p.  137.  Thefe  linen  threads  of  Mr  Du  Fay  kept  their  ground 
in  a  much  improved  Rate  of  the  eledirical  apparatus,  when 
globes  were  fubftituted  in  the  place  of  tubes,  but  now  /mall 

wires  are  univerfally  ufed  in  preference  to  them. - Mr.  Du 

Fay  alfo,  in  order  to  determine  what  metal  was  the  moft  pro¬ 
per  for  this  purpofe,  procured  equal  cylinders  of  gold,  filver, 
copper,  brafs,  lead,  iron,  and  tin,  and  having  placed  them  fo 
as  to  conftitute  one  cylinder,  he  drew  fparks  from  each  of  them 
In  their  turn,  when  the  whole  was  eledlrified  ;  but  he  could 
not,  in  any  refped,  perceive  the  leaft  difference  in  them.  Ac. 

737*  M.  p.  132, 
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phenomenon  above  referred  to,  and  what  he 
nows  calls  a  cone,  or  pencil  of  electric  light ; 
fuch  as  is  commonly  feen  to  iffue  from  an  elec¬ 
trified  point.  As  this  was  the  firft  time  that 
this  phenomenon,  which  is  now  fo  common, 
was  diftinddy  feen,  I  final  1  relate  the  experi¬ 
ment,  of  which  it  was  the  refult,  at  large. 

Mr.  Grey,  and  his  friends,  provided 
fhemfelves  with  an  iron  rod  four  feet  long, 
and  half  an  inch  in  diameter,  pointed  at  each 
end,  but  not  fharp.  Sufpending  this  iron 
rod  upon  filk  lines  in  the  night  ;  and  apply¬ 
ing  the  excited  tube  to  one  end  of  it,  they 
perceived  not  only  a  light  upon  that  end,  but 
another  iiluing  from  the  oppofite  end,  at  the 
fame  time.  This  light  extended  itfelf,  in  the 
form  of  a  cone,  whofe  vertex  was  at  the  end 
of  the  rod  :  and  Mr.  Grey  fays,  that  he  and 
his  company  could  plainly  fee,  that  it  con- 
fifted  of  feparate  threads,  or  rays  of  light,  di¬ 
verging  from  the  point  of  the  rod,  the  ex¬ 
terior  rays  being  incurvated.  This  light 
appeared  at  every  ftroke  they  gave  the 
tube. 

They  likewife  obferved,  that  this  light 
was  always  attended  writh  a  frnall  hiding 
noife,  which,  they  imagined,  began  at  the 
end  next  the  tube,  increasing  in  loudnefs  till 
it  came  to  the  oppofite  end.  He  fays,  how¬ 
ever,  that  this  noife  could  not  be  heard,  but 
by  perfons  who  flood  near  the  rod,  and  aN 
tended  to  it  *. 


*  Phil.  Tianf.  abridged,  Vo'l,  viii.  p.  398. 
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Mr.  Grey,  repeating  thofe  experiments  in 
the  September  following,  after  his  return  to 
London,  obferved  an  appearance,  which  he 
fays,  furprifed  him  very  much.  After  the 
tube  had  been  applied  to  the  iron  rod,  as  be¬ 
fore,  when  the  light,  which  had  been  fcen  at 
both  ends,  had  difappeared ;  it  was  vifible 
again  upon  bringing  his  hand  near  the  end  of 
the  rod  ;  and,  upon  repeating  this  motion  of 
his  hand,  the  fame  phenomenon  appeared  for 
five  or  fix  times  fucceffively  ;  only  the  rays 
were,  at  each  time,  fhorter  than  the  other. 
Lie  alfo  obferved,  that  thefe  lights,  which 
were  emitted  by  the  tube  upon  the  approach 
of  his  hand,  were,  like  the  others,  attended 
with  a  hilling  noife. 

He  took  notice,  that  the  light  which  ap¬ 
peared  on  the  end  next  the  tube,  when  it  was 
held  oblique  to  the  axis  of  the  rod,  had  its 
rays  bending  towards  it;  and  that,  all  the 
time  he  was  rubbing  the  tube,  thofe  flafnes  of 
light  appeared  upon  every  motion  of  his  hand 
up  or  down  the  tube,  but  that  the  largeft 
fialhes  were  produced  by  the  motion  of  his 
hand  downwards  *. 

When  he  u fed  two  or  three  rods,  laying 
them  either  in  a  right  line,  or  fo  as  to  make 
any  angle  with  each  other,  and  applied  the 
tube  to  any  one  of  their  ends ;  he  obferved, 
that  the  fartheft  end  of  the  farther  rod  ex¬ 
hibited  the  fame  phenomena  as  one  fingle 
rod  f . 

*  Phi J.  Tranf.  abridged,  Vol,  viii.  p.  399. 

f  Jfr,  p.  400. 
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Using  a  rod  pointed  only  at  one  end*  he 
obferved,  that  the  other  end  gave  but  one 
fingle  fnap,  but  that  it  was  much  louder  than 
the  greateft  of  thofe  which  were  given  by  the 
point  of  the  rod ;  alfo  that  the  pain,  refem- 
bling  pricking  or  burning,  was  more  ftrong- 
ly  felt,  and  that  the  light  was  brighter  and 
more  con  traded. 

r  Connecting  a  pewter  plate  with  the  iron 
rod,  and  filling  the  plate  with  water,  he  ob~ 
ferved  the  fame  light,  the  fame  pufhing  of 
the  finger,  as  he  calls  it,  and  the  fame  (nap¬ 
ping,  as  when  the  experiment  was  made  with 
the  empty  plate.  And  when  the  experiment 
-was  made  with  water,  in  the  day-light,  it  ap¬ 
peared  to  rife  in  a  little  hill,  under  the  finger 
which  was  prefented  to  it;  and,  after  the 
{happing  noife,  fell  down  again,  putting  the 
water  into  a  waving  motion  near  the  place 
where  it  had  rifen. 

T h  e  $  e  eft efts  were  the  fame  with  thofe  which 
he  had  before  obferved  top  roceed  from  the  im¬ 
mediate  aftion  of  the  tube,  but  by  thefe  experi¬ 
ments,  he  fays,  he  found  (what,  no  doubt, 
appeared  a  real  advance  in  the  fcience  to  him) 
that  an  adual  flame  of  fire,  together  with  an 
explofion,  and  ebullition  of  cold  water,  might 
be  produced  by  communicative  eleftricity. 
What  he  adds  is  fo  remarkable,  that  I  (hall 
repeat  his  own  words.  u  And  although  thefe 
effects  are  at  prefent  but  in  minimis ,  it  is 
**  probable,  in  time,  there  may  be  found  out 
^  a  way  to  collect  a  greater  quantity  of  the 
**  electric  fire,  and  confequently  to  increafe 

the 
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<c  the  force  of  that  power ;  which,  by  fevera! 
45  of  thefe  experiments,  Ji  licet  magnis  com - 
ponere  parva  ;  feems  to  be  of  the  fame 
nature  with  that  of  thunder  and  light— 
ning*.5> 

How  exadfly  has  this  prophecy  been  ful¬ 
filled  in  the  difcoveries  of  the  Leyden  elec¬ 
tricians,  and  Dr.  Franklin  ;  the  former  hav¬ 
ing  difcovered  the  amazing  accumulation  of 
the  electric  power,  in  what  is  called  the  Ley¬ 
den  phial ;  and  the  latter  having  proved  the 
matter  of  lightning  to  be  the  very  fame  with 
that  of  electricity ;  though  Mr.  Grey  might 
poffibly  mention  thunder  and  lightning  only 
by  way  of  common  comparifon. 

On  February  the  18th,  1735,  Mr.  Grey, 
repeating  the  experiments  of  the  iron  rods 
with  wooden  ones,  found  all  the  effects  to  be 
fimilar,  but  much  weaker ;  as  it  is  now  well 
known  muft  have  been  the  cafe  ;  wood  being 
fa  imperfedt  a  conductor,  and  only  in  propor¬ 
tion  to  the  moifture  it  contains. 

At  the  fame  time,  he  relates,  that  the  re¬ 
peating  the  electrification  of  water,  he  found, 
that  the  phenomena  before  mentioned  were 
produced,  not  only  by  holding  the  tube  near 
the  water,  but  when  it  was  removed,  and  the 
finger  afterwards  brought  near  it  j\ 

May  the  6th  of  the  fame  year,  he  again 
lufpended  a  boy  on  fi Ik,  and  found  that  this 
boy  was  able  to  communicate  the  electric  fire, 

*  Phil.  Tranf.  abridged,  Vol.  yiii,  p,  401. 

*  Ibid.  p.  403, 
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firft  to  one,  and  then  to  feveral  perfons  Hand¬ 
ing  upon  eleChdc  bodies. 

Mr.  Grey  feems  Hill  to  have  imagined, 
that  electricity  depended,  in  fome  meafure, 
upon  colour.  The  boy  fufpended  on  blue 
lines,  he  fays,  retained  his  power  of  attrac¬ 
tion  fifty  minutes ;  on  fcarlet  lines,  twenty- 
five  minutes ;  and  on  orange  coloured  lines, 
twenty-one  minutes.  By  thefe  experiments, 
he  fays,  we  fee  the  efficacy  of  electricity  on 
bodies  fufpended  upon  lines  of  the  fame  fub-* 
fiance,  but  of  different  colour 

Bu  r  the  greateft  deception  which  this  in¬ 
genious  gentleman  feems  to  have  lain  under, 
was  occafioned  by  the  experiments  which  he 
made  with  balls  of  iron,  to  obferve  the  revo¬ 
lution  of  light  bodies  about  them.  The  para¬ 
graph  relating  to  thefe  experiments,  being  the 
laft  which  Mr  Grey  wrote,  I  fhall  give  it  at 
length  as  a  curiofity. 

“  I  have  lately  made,”  fays  he,  <c  feveral 
“  new  experiments  upon  the  projeCtile  and 
u  pendulous  motion  of  fmall  bodies  by  elec- 
<c  tricity ;  by  which  fmall  bodies  may  be 
“  made  to  move  about  large  ones,  either  in 
<c  circles,  or  in  ellipfes  ;  and  thofe  either 
u  concentric,  or  eccentric  to  the  center  of  the 
u  larger  body,  about  which  they  move,  fo  as 
u  to  make  many  revolutions  about  them. 
u  And  this  motion  will  conftantly  be  the 
ic  fame  way  that  the  planets  move  about  the 
H  fun,  viz.  from  the  right  hand  to  the  left, 

*  s 

9  phiL  Tranf.  abridged,  Vol.  viii.  p.  ^03. 
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u  or  from  weft  to  eaft.  But  thefe  little  pla- 
nets,  if  I  may  fo  call  them,  move  much 
fafter  in  their  apogeon,  than  in  the  perigeon 
“  parts  of  their  orbits  ;  which  is  direcfly  con- 
trary  to  the  motion  of  the  planets  about  the 
“  fun*” 

• 

These  experiments  Mr.  Grey  had  thought 
of  but  a  very  little  while  before  his  laft  ill— 
nefs,  and  had  not  time  to  complete  them  ; 
but  the  progrefs  he  had  made  in  them  he  re¬ 
vealed,  on  the  day  before  his  death,  to  Dr. 
Mortimer,  then  fecretary  to  the  Royal  Socie¬ 
ty.  He  laid  they  ftruck  him  with  new  fur- 
prize  every  time  he  repeated  them,  and  hoped 
that,  if  God  would  fpare  his  life  a  little  longer, 
he  fhould,  from  what  thefe  phenomena  point¬ 
ed  out,  bring  his  electrical  experiments  to  the 
greateft  perfection.  Ele  did  not  doubt  but, 
•in  a  fhort  time,  he  fhould  be  able  to  aftonifh 
the  world  with  a  new  fort  of  planetarium, 
never  before  thought  of ;  and  that,  from 
thefe  experiments,  might  be  eftablifhed  a  cer¬ 
tain  theory,  to  account  for  the  motions  of  the 
grand  planetarium  of  the  univerfe.  Thefe 
experiments,  fallacious  as  they  are,  deferve 
to  be  briefly  recited,  together  with  thofe 
which  were  made  in  confequence  of  them  af¬ 
ter  Mr.  Grey’s  death.  I  fhall  relate  them  in 
Mr.  Grey’s  own  words,  as  they  were  deli¬ 
vered  to  Dr.  Mortimer,  on  his  death-bed. 

Place  a  fmall  iron  globe,  faid  he,  of  an 
inch,  or  an  inch  and  a  half  in  diameter,  on 

*  Phil.  Tranf.  abridged,  Vol.  viii.  p.  404. 
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the  middle  of  a  circular  cake  of  rofm,  feven 
or  eight  inches  in  diameter,  gently  excited  ; 
and  then  a  light  body  fufpended  by  a  very 
fine  thread,  five  or  fix  inches  long,  held  in 
the  hand  over  the  center  of  the  table,  will,  of 
itfelf,  begin  to  move  in  a  circle  round  the 
iron  globe,  and  conftantly  from  weft  to  eafh 
If  the  globe  be  placed  at  any  diftance  from 
the  center  of  the  circular  cake,  it  will  defcribe 
an  ellipfe,  which  will  have  the  fame  eccentri¬ 
city,  as  the  diftance  of  the  globe  from  the 
center  of  the  cake. 

If  the  cake  of  rofm  be  of  an  elliptical  form, 
and  the  iron  globe  be  placed  in  the  center  of 
it,  the  light  body  will  defcribe  an  elliptical 
orbit,  of  the  fame  eccentricity  with  the  form 
of  the  cake. 

If  the  iron  globe  be  placed  in,  or  near,  one 
of  the  foci  of  the  elliptical  cake,  the  light  body 
will  move  much  fwifter  in  the  apogee,  than  in 
the  perigee  of  its  orbit. 

If  the  iron  globe  be  fixed  on  a  pedeftal,  an 
inch  from  the  table,  and  a  glafs  hoop,  or  a 
portion  of 'a  hollow  glafs  cylinder,  excited,  be 
placed  round  it ;  the  light  body  will  move 
as  in  the  circumftances  mentioned  above,  and 
with  the  fame  varieties. 

He  faid,  moreover,  that  the  light  body 
would  make  the  fame  revolutions,  only 
Imaller,  round  the  iron  globe  placed  on  the 
bare  table,  without  any  electrical  body  to 
fupport  it ;  but  he  acknowledged  he  had  not 
found  the  experiment  fucceed,  if  the  thread 
was  fupported  by  any  thing  but  a  human 

hand; 
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Hand ;  though,  he  fancied,  it  would  have 
fucceeded,  if  it  had  been  fupported  by  any 
animal  fubftance,  living  or  dead** 

Mr.  Grey  went  on  to  recite  to  Dr.  Mor¬ 
timer  other  experiments  ftill  more  fallacious ; 
which,  out  of  regard  to  his  memory,  I  fhall 
forbear  to  quote.  Let  the  chimeras  of  this 
great  electrician  teach  his  followers,  in  the 
fame,  and  ftill  but  newly  opened  field  of  phi* 
lofophy,  a  proper  degree  of  caution  in  their 
reafonings  from  induction.  Let  not  the  ex¬ 
ample,  however,  difcourage  any  perfon  from 
trying  what  may  appear  improbable  ;  but  let 
it  induce  a  man  to  delay  the  publication  of 
his  difcoveries,  till  they  have  been  perfectly 
afcertained,  and  performed  in  the  prefence  of 
others.  In  experiments  of  great  delicacy,  a 
ftrong  imagination  will  have  great  influence 
even  upon  the  external  fenfes ;  of  which  we 
fliall  have  frequent  inftances  in  the  courfe  of 
this  hiftory. 

Dr.  Mortimer  himfelf  feems  to  have  been 
deceived  by  thefe  experiments  of  Mr.  Grey. 
He  fays,  that,  in  trying  them  after  his  death, 
he  found,  that  the  light  body  would  make 
revolutions  round  bodies  of  various  lhapes  and 
fubftances,  as  well  as  round  the  iron  globe  ; 
and  that  he  had  actually  tried  the  experi¬ 
ment,  with  a  globe  of  black  marble,  a  filver 
ftandifh,  a  fmall  chip  box,  and  a  large 
cork  f. 

*  PMl.  Tranf.  abridged,  Vol,  viii.  p.  404,  405. 

f  Ibid.  p.  405* 
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Th  ese  experiments  of  Mr.  Grey  were  tried 
by  Mr.  Wheeler,  and  other  gentlemen,  at 
the  Royal  Society’s  houfe,  and  with  a  great 
variety  of  circumftances  ;  but  no  conclufion 
could  be  drawn  from  what  they  at  that  time 
obferved.  Mr.  Wheeler  himfelf  took  a  great 
deal  of  pains  to  verify  them,  with  various  fuc- 
cels  ;  and  at  laft  he  gave  it  as  his  opinion,  that 
a  delire  to  produce  the  motion  from  weft  to 
eaft  was  the  fecret  caufe,  that  determined 
the  pendulous  body  to  move  in  that  direction* 
by  means  of  feme  impreffion  from  Mr.  Grey’s 
hard,  as  well  as  his  own;  though  he  was,  at 
the  fame  time,  perfuaded,  that  he  was  not 
fenhble  of  giving  any  motion  to  his  hand 
himfelf*". 

Mr.  D  v  Fay,  in  the  Memoirs  of  the  Aca¬ 
demy  of  Sciences  for  the  year  1737,  acknow¬ 
ledges  that  thefe  experiments  of  Mr.  Grey"  and 
Dr.  Mortimer  did  not  fucceed  with  him.  But 
fays,  they  were  the  only  ones  of  Mr.  Grey  that 
had  not ;  and,  with  a  temper  becoming  a  phi- 
lofopher,  adds,  that  he  doth  not,  therefore,  fay, 
that  they  never  had  fucceeded ;  but  feems  rather 
willing  to  attribute  the  failure  with  himfelf,  to 
his  omitting  feme  circumftance,  not  mentioned 
by  thofe  gentlemen,  though,  unknown  to 
them,  it  might  be  of  principal  confequence  to 
the  experiment  He  was  afterwards  inform¬ 
ed  of  the  refult  of  the  laft  experiment  in  Eng¬ 
land  on  this  fubjedt,  agreeing  with  his  own  J. 

*  Phil.  Tranf.  abridged.  Vol.  viii.  p.  418. 

f  Dantzick  Memoirs*  Vol.  i,  p.226. 

J  Ac,  Par.  1757.  IvL  p,  436. 
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PERIOD  VI. 

The  experiments  of  Dr  .  DESAGULIERS 

9 

WE  are  now  come  to  the  labours  of 
that  indefatigable  experimental  phi- 
lofopher  Dr,  Desaguliers,  in  this  new  field 
of  fcience.  The  reafon  which  he  gives  why 
he  had  avoided  entertaining  the  Royal  So¬ 
ciety  upon  this  fubjedt  before,  and  why  he 
had  not  purfued  it  fo  far  as  he  might  have 
done  ;  confidering,  as  he  fays,  that  he  could 
excite  as  firong  an  eledtricity  in  glafs,  by 
rubbing  with  his  hand,  as  any  body  could,  is 
worth  mentioning  for  its  curiofity,  and  for 
the  light  that  it  throws  upon  the  temper  and 
manner  of  Mr.  Grey.  He  fays,  that  he  was 
unwilling  to  interfere  with  the  late  Mr  Stephen 
Grey,  who  had  wholly  turned  his  thoughts 
to  electricity ;  but  wras  of  a  temper  to  give  it 
entirely  over,  if  he  imagined  that  any  thing 
was  done  in  oppofition  to  him  *. 

Dr.  Desag u l i e r s  begins  with  obfer ving 
very  fenfibly  (and  the  obfervation  is  ftill  true) 
that  the  phenomena  of  electricity  are  fo  odd, 
that,  though  we  have  a  great  many  experi¬ 
ments  upon  that  fubjedt,  we  have  not  yet 
been  able,  from  their  comparifon,  to  fettle 
inch  a  theory  as  will  lead  us  to  the  caufe  of 
that  property  in  bodies,  or  even  to  judge  of 

*  Phil.  Tranf.  abridged,  Vol.  viii.  p.  4 19. 
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ail  its  effects,  or  find  out  what  ufeful  in¬ 
fluence  eledlricity  has  in  nature  ;  though  cer-* 
tainly,  from  what  we  have  feen  of  it,  we  may 
conjecture  that  it  muft  be  of  great  nfe,  becaufe 
it  is  fo  extend ve* 

His  nrft  experiments,  of  which  an  account 
is  given  in  the  Phiiofophical  Tranfadfions, 
dated  July,  1739?  were  made  with  a  hempen 
firing,  extended  upon  cat-gut.  To  the  end 
of  the  hempen  firing,  he  fuf pended  various 
fub fiances  3  and  fays,  that  all  thofe  which  he 
tried,  amongfl  which  were  feveral  eleBrics  per 
fc ,  as  fulphur,  glafs,  &c.  without  exception, 
received  eledlricity  *4 

He  changed  one  of  the  cat-gut  firings,  on 
which  his  hempen  line  of  communication, 
was  extended,  and  put  various  other  fub*’ 
fiances  in  its  place,  to  try  what  bodies  would 
tranfmit  eledlricity  to  the  fu fp ended  body, 
and  what  would  not  3  and  from  the  refult  of 
his  experiments,  partly  concluded,  that  bo¬ 
dies  in  which  eledlricity  could  not  be  excited 
intercepted  the  eledlric  effluvia  ;  and  that  thofe 
in  which  eledlricity  could  be  excited,  did  not 
intercept  it,  but  permitted  it  to  go  on  to  the 
extremity  of  the 'hempen  firing.  But  ftill  he 
had  no  juft  idea,  that,  except  metals,  it  was 
the  moifture  in  the  bodies  he  tried  which  in¬ 
tercepted  the  eledlric  effluvia ;  and  his  ideas  of 
the  manner  in  which  they  were  intercepted 
were  very  imperfect. 

*  Phil,  Tranf.  abridged,  VoL  viii,  p,  4200 
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To  Dr.  Defaguliers  we  are  indebted  for 
fome  technical  terms  which  have  been  ex¬ 
tremely  ufeful  to  all  electricians  to  this  day, 
and  which  will  probably  remain  in  ufe  as 
long  as  the  fubjeCt  is  ftudied.  He  firft  ap¬ 
plied  the  term  conductor  to  that  body  to  which 
the  excited  tube  conveys  its  electricity  ; 
which  term  has  lince  been  extended  to  all- 
bodies  that  are  capable  of  receiving  that  vir¬ 
tue.  And  he  calls  thofe  bodies  in  which  elec¬ 
tricity  may  be  excited,  by  heating  or  rubbing* 
electrics  per  fe . 

In  the  writings  of  this  author  we  find  many 
axioms  relating  to  eledrical  experiments, 
fome  of  vrhich  are  expreffed  in  a  more  clear, 
and  diftinCt  manner  than  they  had  been  be¬ 
fore  ;  but  the  real  improvements  which  he. 
made,  were  very  few  and  immaterial. 

On  feveral  occafions,  and  particularly  in  a 
paper  delivered  to  the  Royal  Society,  in  the 
month  of  January  1741,  he  lays  clown, 
among  others,  the  following  general  rules, 
which  feem  to  be  more  accurate  than  any 
which  had  been  delivered  before  upon  the 
fubjeCt  *. 

u  An  eleCtric  per  fe  will  not  receive  elec- 
“  tricity  from  another  eleCtric  per  fe,  in 

which  it  has  been  excited,  fo  as  to  run 
<c  along  its  whole  length  :  but  will  only  re- 
u  cciye  it  a  little  way,  being,  as  it  were,  fa- 
u  turated  with  it. 

*  Phil.  Tranf.  abridged,  Vo!,  viii,  p,  43Q. 
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c<  An  electric  per  fe  will  not  lofe  all  its 
u  eledtricity  at  once,  but  only  tKe  electricity 
u  of  thofe  parts  near  which  a  non-eledtric 
u  has  been  brought.  It,  confequently,  lofes 
“  its  eledtricity  the  fooner,  the  more  of  thofe 
u  bodies  are  near  it.  Thus,  in  moift  weather, 
u  the  excited  tube  holds  its  virtue  but  a  little 
“  while,  becaufe  it  adts  upon  the  moift  va- 
“  pours  which  float  in  the  air.  And  if  the 
excited  tube  be  applied  to  leaf  gold  laid 
upon  a  Hand,  it  will  adt  upon  it  much 
“  longer,  and  more  ftrongly,  than  if  the 
“  fame  quantity  of  leaf  gold  be  laid  upon  a 
table,  which  has  more  non-eledtric  furface 
“  than  the  ftand*.5>  This,  however,  feems 
not  to  be  the  whole  reafon  ;  for  if  the  leaf 
gold  were  laid  upon  a  broad  furface  of  glafs, 
it  would  not  be  adted  upon  fo  powerfully,  as 
if  it  were  placed  upon  a  narrow  ftand  of  any 
kind  of  matter. 

c-  A  non-elect ric,  when  it  has  received 
u  electricity,  lofes  it  all  at  once,  upon  the 
“  approach  of  another  non-eledtric. This 
however  could  only  be  the  cafe  when  the  ap¬ 
proaching  eledtrie  was  not  infulated,  but  had 
a  communication  with  the  earth.  It  muft 
alfo  be  brought  into  contadi  with  the  eledtrified 
body. 

u  Animal  fubftances  are  non  eledtrics  by 
u  reafon  of  the  fluids  they  contain  f . 

“  Excited  eledtricity  exerts  itfelf  in  a 
u  fphere  round  the  electric  per  fe,  or 

*  Phil.  Trati f.  abridged,  Vol.  vui  p.  427. 

*j*  Ibid  p«  A.zg, 
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u  rather  in  a  cylinder,  if  the  body  be  cylm~ 
u  drical1*.55 

Few  of  the  many  experiments  which  were 
made  bv  Dr.  Defaguliers  (accounts  of  which 
were  publifiied  in  the  Philofophical  Tranfac- 
tions)  had,  as  I  obferved;  before,  any  thing 
hew  in  them.  Thofe  which  were  the  moft  fa 
are  the  following. 

Endeavouring  to  communicate  electricity 
to  a  burning  tallow  candle,  he  obferved,  that 
the  candle  attracted  the  thread  of  trial,  but 
not  within  two  or  three  inches  of  the  flame  j 
but  that,  as  foon  as  the  candle  was  blown  out* 
the  thread  was  attracted  by  every  part  of  it, 
and  even  by  the  wick,  when  the  fire  was 
quite  extinguifhed.  He  electrified  a  wax 
candle  in  the  lame  manner,  and  the  experiment 
fucceeded  as  well,  only  the  electricity  came 
not  fo  near  the  flame  in  the  wax,  as  in  the 
tallow  candle. 

He  fays,  that  only  warming  a  glafs  re¬ 
ceiver,  without  any  rubbing,  would  caufethe 
threads  of  a  down  feather,  tied  to  an  upright 
Ike  we  r  to  extend  themfelves,  as  foon  as  it  was 
put  over  the  feather  ;  and  that  fometimes 
rofin  and  wax  would  exert  their  eleCtricity  by 
being  only  expofed  to  the  open  air. 

He  obferved  that  if  a  hollow  glafs  tube, 
fupporting  the  hue  o£  communication,  were 
moiflened  by  blowing  through  it,  it  would  in¬ 
tercept'  the  eleCtricitv. 

S.  j 


*  Phil.  Tranf.  abridged,  Vol.  viii.  p.  43  1. 
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He  fays,  that  when  an  excited  tube  has 
repelled  a  feather,  it  will  attract  it  again, 
after  being  fuddenly  dipped  into  water,  but 
in  fair  weather  it  will  not  attract  it  unlefs  it 
hath  been  dipped  pretty  deep  into  the  water, 
a  foot  of  its  length  at  leaft;  whereas,  iu 
moift  weather,  an  inch  or  two  will  fuffice  A 

He  fhewed  the  attraction  of  water  by  an 
excited  tube,  in  a  better  manner  than  it  had 
been  Ihewn  before,  viz,  by  bringing  the  tube 
to  a  ftream  iffuing  from  a  condenfing  foun¬ 
tain  :  which,  thereupon,  was  evidently  bent 
towards  it. 

Dr.  D  esaguliers  feems  to  have  been  the 
firft  who  exprefsly  faid,  that  pure  air  might 
be  ranked  amongft  electrics  per  fe,  and  that 
cold  air  in  frofty  weather,  when  vapours  rife 
lead  of  all,  is  preferable,  for  electrical  pur- 
pofes,  to  warm  air  in  dimmer,  when  the  heat 
raifes  the  vapours  f.  He  alfo  fuppofed  that 
the  eledlricity  of  the  air  was  of  the  vitreous 
kind  ;  and  he  accounted  for  the  electricity  ap¬ 
pearing  on  the  in  fide  only  of  an  exhaufted 
glafs  veffel,  by  its  going  where  it  met  with 
the  lead:  reliftance  from  fo  eleCtrical  a  body  as 
the  air 

He  endeavoured  to  account  for  the  fixing  of 
air  by  the  (teams  of  fulphur,  according  to  the 
experiment  of  Dr  Hales ;  by  fuppofing  that 
the  particles  of  fulphur,  and  thofe  of  air,  be¬ 
ing  poffeffed  of  different  kinds  of  electricity, 
attracted  one  another,  whereby  their  repulfive 

*  Phil.  Tranf.  abridged,^  Vol.  viii.  p.  42.9. 

*flbid.  p.  437.  X  ibid.  43d. 
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power  was  deftroyed.  He  alfo  propofed  the 
following  conjedure  concerning  the  rife  of 
vapour.  The  air  at  the  furface  of  water  be¬ 
ing  eledrical,  particles  of  water,  he  thought, 
jumped  to  it,  then,  becoming  themielves  elec¬ 
trical,  they  repelled  both  the  air  and  one  an¬ 
other,  and  confeque-ntly  afcended  into  the 
higher  regions  of  the  atmofphere  T 

T ue  laft  paper  of  Dr.  Defaguliers  in  the 
Philofophical  Tranfadions,  upon  the  fubjed 
of  eledricity,  is  dated  June  24th,  .1742,  in 
which  year  he  publifhed  a  differtation  on 
eledricity,  by  which  he  gained  the  prize  of 
the  academy  at  Eourdeaux.  This  prize  was 
a  medal  of  the  value  of  'too  livres,  propofed, 
at  the  requeft  of  Monfieur  Harpez  de  la  Force, 
for  the  heft  effay  on  eledricity,  and  fhews 
how  much  this  fubjec  engaged  the  attention 
of  philofophers  at  that  time  f .  The  differtation 
is  well  drawn  up,  and  comprifts  all  that  w7a§ 
known  of  the  fubjed  till  that  period. 

>  .  *  1  -  ■  .  > 

* 

*  Phil.  Tranf.  abridged,  Vol.  viii.  p.  437. 
f  Dantsick  Memoirs,  Vol.  i.  p.  z6\0 


t 


PERIOD 


of  the  GERMANS.  87 


PERIOD  VII. 

Experiments  of  the  GERMANS,  and 

of  Dr.  WATSON,  before  the  disco¬ 
very  of  the  Leyden  piiial  in  the 

YEAR  174.6. 

% 

/%  BOUT  the  time  that  Dr.  Defaguliers 
had  concluded  his  experiments  in 
England,  viz.  1742,  feveral  ingenious  Ger¬ 
mans  began  to  apply  themfelves  to  the  fame 
hudies  with  great  affiduity,  and  their  labours 
were  crowned  with  considerable  fuccefs. 

To  the  Germans  we  are  indebted  for  many 
capital  improvements  in  our  electrical  appara¬ 
tus  within  this  period,  without  which,  the 
bufmefs  would  have  gone  on  very  {lowly  and 
heavily;  but,  by  the  help  of  their  contriv¬ 
ances,  we  {hall  fee  that  aftonilhing  effeds  were 
foon  produced. 

Mr.  Boze,  a  profeffor  of  philofophy  at 
Wittemburgh,  fubftituted  the  globe  for  the 
tube,  which  had  been  ufed  ever  fmce  the 
time  of  Haukfbee*.  He  likewife  added  a 
prime  conductor,  which  confided  of  a  tube  of 
iron  or  tin,  at  firft  fupported  by  a  man  {land¬ 
ing  upon  cakes  of  rofin,  and  afterwards  fuf- 

•  According  to  other  accounts,  Chriftian  Auguftus  Haufen, 
profeffor  of  mathematics  at  Leipfic,  vvas  the  firft  who  revived 
the  ufe  of  Haukfbee’s  glafs  globe,  anti  Mr.  Boze,  who  was  ex¬ 
cited  to  make  experiments  in  ele&ricity  by  the  example  of  Mr* 
Haufen,  borrowed  this  capital  improvement  from  him.  Dant- 
zick  Memoirs,  Vol.  i,  p.  278*  279. 
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pended  on  filk  horizontally  before  the 
globe  % 

To  prevent  the  tube  fro  in  doing  any  harm 
to  the  globe,  he  put  a  bundle  of  thread  into 
the  end  which  was  next  to  it,  and  which  was 
left  open  for  that  purpofe.  This  expedient, 
befides  occafioning  various  pleafant  phenome¬ 
na,  was  obferved  to  make  the  force  of  the  con- 
dud  or  much  ftronger 

The  ufe  of  the  globe  was  immediately 
adopted  in  the  imiverfiiy  of  Lei  pile,  where 
Mr.  Winckler,  the  profeflor  of  languages, 
fubftituted  a  cufhion  inftead  of  the  hand,  which 
had  before  been  employed  to  excite  the  globe. 
But  the  bell  rubber  for  the  globe,  as  well  as 
the  tube,  was,  long  after  this,  ftill  thought, 
by  all  ele&ricians,  to  be  the  human  hand,  dry, 
and  free  from  moifture  j. 

Mr.  P.  Gordon,  a  Scotch  Benedictine 
monk  ;  and  profeffor  of  Philofophy  at  Erford, 
was  the  firft  who  ufed  a  cylinder  inftead  of  a 
globe.  His  cylinders  were  eight  inches  long, 
and  four  inches  in  diameter.  They  were 
made  to  turn  with  a  bow,  and  the  whole  in- 
ftrument  was  portable.  Inftead  of  a  cake  of 
rofin,  he  infulated.  by  means  of  a  frame,  fur- 
niftied  with  net  work  of  filk  §. 

The  apparatus,  likewife,.  of  many  of  the 
German  electricians  was  very  various ,  and  ex¬ 
pen  five.  Mr.  Winckler,  in  a  paper  read  at 
the  Royal  Society,  March  21ft,  1745  ||,  de- 

*  Hiftoire  de  I’ele&ricite,  p.  27. 

■f  Phil.  Tranf.  abridged,  Vol.  x.  p.  271.  %  Ibid.  272. 

§  Hiftoire,  p.  31. 

j|  Phil.  Tranf.  abridged,  Vol.  x,  p»  273. 
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(bribes  a  machine  for  rubbing  tubes,  and  an¬ 
other  for  rubbing  globes,  and  compares  the 
effeffs  of  them  both.  He  obferves,  that  the 
fparks.  which  are  produced  from  glafs  veffels 
drawn  to  and  fro  were  larger,  and  more  ve¬ 
hemently  pungent,  provided  that  thofe  veffels 
were  of  the  fame  magnitude  with  the  globes ; 
but  that  the  flux  of  effluvia  was  not  fo  conftant 
as  from  the  globes,  Mr.  Winckler  alfo  in¬ 
vented  a  machine,  which  he  defcrihes  at  large 
in  his  works,  by  means  of  which  he  could 
give  his  globe  fix  hundred  and  eighty  turns 
in  a  minute  A  This  gentleman  likewife  con¬ 
trived  to  rub  glafs,  and  china  veffels,  in  the 
infide ;  and  he  fays  they  affecl  as  fcrongly  on 
bodies  placed  on  the  outflde  of  them,  as  when 
they  were  rubbed  on  the  outflde  f. 

The  German  eleffricians  generally  ufed 
more  globes  than  one  at  a  time,  and  imagin¬ 
ed  they  found  the  effeffs  proportionable, 
though  this  faff  was  called  in  queftion  by  Dr. 
Watfon,  and  others  ;  and  Mr.  Nollet  prefer¬ 
red  globes  made  blue  with  zaffre  J,  which 
were  carefully  tried,  and  rejeffed  by  Dr.  Wat¬ 
fon  afterwards  §. 

Such  a  prodigious  power  of  eleftricity 
could  they  excite  from  thefe  globes,  whirled 
by  a  large  wheel,  and  rubbed  with  woollen 
cloth,  or  a  dry  hand  (for  we  And  both  thefe 
methods  were  in  ufe  among  them  about  this 

*  Hiftoire,  p.  32. 

f  Dantzick  Memoirs,  Vol.  i.  p.  400. 

X  In  fubfequent  trials  the  Abbe  himfelf  found  no  advantage 
in  thofe  blue  globes.  Ac.  Par.  1745.  M.  p.  162. 

§  Phil.  Tranf.  abridged,  Vol,  x*  p.  277. 
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time)  that,  if  we  may  credit  their  own  ac¬ 
counts,  the  blood  could  be  drawn  from  the 
finger  by  an  eledric  fpark;  the  Ikin  would 
burft,  and  a  wound  appear,  as  if  made  by 
a  cauftic.  They  fay,  that  if  feveral  globes  or 
tubes  were  ufed,  the  motion  of  the  heart  and 
arteries  of  the  eledrified  perfon  would  be  very 
fenfibly  increafed ;  and  that,  if  a  vien  were 
opened  under  the  operation,  the  blood,  iffu- 
ing  from  it,  would  appear  like  lucid  phof- 
phorus,  and  run  out  fafter  than  when  the 
man  was  not  eledrified.  Analogous  to  this 
laft  experiment,  Mr.  Gordon  obferved,  that 
water,  running  from  an  artificial  fountain 
eledrified,  was  fcattered  in  luminous  drops, 
that  a  larger  quantity  of  water  was  thrown 
out  in  a  given  time  than  when  the  fountain 
was  not  eledrified  * ;  and  that  eledrified  wa¬ 
ter  evaporated  fafter  than  water  not.  eledrified, 
when  expofed  in  fimilar  glafs  veflels  jx  Part 
of  this  account  we  know  might  be  true,  but 
fome  part  muft:  have  been  exaggerated.  It  is 
certain  that  Mr.  Gordon  increafed  the  eledric 
{parks  to  fuch  a  degree,  that  they  were  felt 
from  a  man’s  head  to  his  foot,  fo  that  a  per¬ 
fon  could  hardly  take  them  without  falling- 
down  with  giddinefs  and  fmail  birds  were 
killed  by  them  §.  This  he  erfeded  by  con¬ 
veying  eledricity,  with  iron  wires,  to  the 

diftance  of  200  ells  from  the  place  of  excitation, 

,  . 

*  Phil.  Tranf.  abridged,  Vol.  x.  p.  277. 

+  Dantzick  Memoirs,  Vol.  ii.  p.  2157. 

t  ibid.  p.  358. 

§  Nolleps  Reiherches,  p.  173. 
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He  alfo  found  that  the  fparks  were  ftronger 
when  the  wire  was  thick  than  when  it  was 
fmall  *. 

,  * 

Mr.  Waitz  made  his  glafs  tubes  ad: 

ftronger  by  rubbing  them  with  a  waxed 
cloth  and  a  little  oil.  He  alfo  found,  that 
glafs  made  with  very  little  pot-afh,  aded 
much  better  than  that  in  the  compofition  of 
which  much  of  it  was  ufed ;  but  it  required 
longer  time,  and  more  heat  to  vitrify  it.  He 
got  fome  glafs  made  on  pur  pole  to  afcertain 
the  fad  -f*. 

By  various  experiments  of  attraction  and 
repulfion,  which  Mr.  Waitz  made  in  rubbing 
a  dog  (which  he  had  made  thoroughly  dry  for 
that  purpofe)  he  proved  that  the  flafhes  of 
light,  which  fometimes  appear  when  animals 
are  flroked,  are  electrical.  This  had  been 
fuppofed,  but  wTas  not  accurately  afcertained 
before  J.  It  was  this  gentleman  who  gained 
the  prize  of  50  ducats,  propofed,  in  the  year 
1744,  by  the  Academy  of  Sciences  at  Berlin, 
for  the  belt  differtation  on  the  fubjed  of  elec¬ 
tricity.  It  was  publifhed  along  with  three 
others,  which  were  offered  at  the  fame  time, 
and  thought  worthy  of  that  honour  §. 

The  thing  that  ftrikes  us  mod  in  their  ex¬ 
periments,  performed  by  thefe  machines,  is 
their  fetting  fire  to  inflammable  fubftances. 
Th  Is  they  were,  probably,  led  to  attempt, 
from  obferving  the  vivid  appearance  of  elec- 

*  Dantzick  Memoirs,  Vol.  ii.  p.  3^. 
t  did.  p.  381.  %  Ibid,  p.  38.5,  §  Ibid.  p.  380. 
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trie  light,  the  burning  pain  that  was  felt  by  a 
fmart  ftroke  from  the  conductor,  and  the 
many  analogies  the  eledtric  fluid  evident¬ 
ly  bore  to  phofphorus  and  common  fire. 

The  fir  ft  perfem  who  fucceeded  in  this  at¬ 
tempt  was  Dr.  Ludolf  of  Berlin,  towards  the 
beginning  the  year  1744  s  who  kindled,  with 
fparks  excited  by  the  friction  of  a  glafs  tube, 
the  etherial  fpirit  of  Frobenius.  This  he  did 
at  the  opening  of  the  Royal  Academy,  and  in 
the  prefence  of  feme  hundreds  of  perfcns.  He 
performed  the  experiment  by  electric  fparks 
proceeding  from  an  iron  conductor.  Mr. 
Winckler  did  the  fame  in  the  May  following, 
by  a  fpark  from  his  own  finger  ;  and  kindled, 
not  only  the  highly  rectified  fpirit  above-men¬ 
tioned,  but  French  brandy,  corn  fpirits,  and 
other  fpirits  ftill  weaker,  by  previoufiy  heat¬ 
ing  them.  He  alfo  lays,  that  oil,  pitch,  and 
fealing-wax  might  be  lighted  by  define 
fparks,  provided  thofe  fubftances  were  firft 
heated  to  a  degree  next  to  kindling  *.  To 
thefe  it  muft  be  added,  that  Mr.  Gralath 
fired  the  fmoke  of  a  candle  juft;  blown  out,  and 
lighted  it  again  j' ;  and  that  Mr.  Boze  fired 
gunpowder,  melting  it  in  a  fpoon,  and  firft 
the  vapour  that  rofe  from  it. 

The  German  eledtricians,  Jikewife,  con- 
ftrudted  a  machine,  by  which  they  could  give 
fridtion  to  a  glafs  cylinder  in  vacuo.  By  thefe 
means  they  contrived  to  electrify  a  wire  which 
terminated  in  the  open  air,  and  there  fhewed 

*  Phil.-  Tranf.  abridged,  Vol.  x.  p  271. 

'  f  Dan tzick  Memoirs,  Vol  ii.  p.  438. 
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a  confiderable  electric  power.  They  alfo  elec¬ 
trified  that  end.  which  was  in  the  open  air,  and 
made  the  other  end  which  was  in  vacuo  exert 
its  eledricity  f. 

The  fame  Germans  alfo  mention  an  expe¬ 
riment,  which,  if  purfued,  would  have  led 
them  to  difcover,  that  the  friction  of  the  glafs 
globe  did  not  produce,  but  only  colled:  the 
eledric  matter.  But  that  was  a  difcovery  re- 
ferved,  as  we  fhali  find,  for  Dr.  Watfon.  It 
feems  that  both  Mr.  Boze  and  Mr.  Allamand 
had  fufpended  the  machine,  and  the  man  who 
-worked  it,  upon  lil k;  and  obferved,  that,  not 
only  the  condudor,  but  alfo  the  man,  and 
the  machine  gave  figns  of  eledricity  ;  though 
they  did  not  attend  accurately  to  all  the  cir- 
cumftances  of  that  curious  fad,  which  did  not 
at  all  anfwer  their  expedations.  For,  ima¬ 
gining  that  part  of  the  eledric  power  was 
continually  going  off  to  the  ground  by  the 
machine,  they  fuppofed  that  the  effed  of  in- 
fulating  it,  would  have  been  a  flronger  elec* 
tricity  f . 

In  this  period  it  was  that  Ludolf  the 
younger  demonfirated,  that  the  luminous  ba¬ 
rometer  is  made  perfedly  eledrical  by  the 
motion  of  the  quickfilver;  firft  attrading, 
and  then  repelling  bits  of  paper,  &c.  fiifpend- 
ed  by  the  fide  of  the  tube,  when  it  was  enclof- 
ed  in  another  out  of  which  the  air  was  ex- 
traded  Before  this  experiment,  thofe  ef~ 


*  Phil.  Tranf.  abridged,  Vol.  x.  p.  275. 
f  Wilton’s  Eflfay,  preface,  p.  iq.  Watfoa’s  Sequel,  p.  34.* 
J  Dantzick  Memoirs,  Vol.  iii.  p.495. 
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feds  had  been  afcribed  to  the  air  Profefr 
for  Hamberger  and  Mr.  Waitz  had  difcover- 
ed  that  the  motion  of  quick filver  in  a  glafs 
veffel,  out  of  which  the  air  was  extracted, 
had  the  power  of  moving  light  bodies ;  and 
Mr.  Allamand  likewife  found,  that  it  made 
no  difference  whether  the  veffel  had  air  in  it 
or  not  jo 

About  the  fame  time  alfo,  Mr.  Boze  took 
a  great  deal  of  pains  to  determine,  whether 
the  weight  of  bodies  would  be  affeCted  by 
electricity,  but  he  could  not  find  that  it 
was. 

The  electrical  Jlar ,  made  by  turning 
fwiftly  round  an  electrified  piece  of  tin, 
cut  with  points  equidiflant  from  the  center  ; 
and  alfo  the  eleffirical  bells ,  which  will  be 
defcribed  hereafter  among  the  furprifmg  and 
diverting  experiments  performed  by  the  help 
of  eleCtricity,  were  of  German  invention  J. 
The  ftar  was  contrived  by  Mr.  Gordon,  and 
by  turning  the  points  a  little  obliquely,  he 
was  furprifed  to  find  it  began  to  move  of  it-*- 
felf  §,  Laltly,  to  thefe  it  may  be  added,  that 
Mr.  Win  cider  contrived  a  wheel  to  move  by 
deCtricity ;  that  Mr.  Boze  conveyed  electrici¬ 
ty  from  one  man  to  another  by  a  jet  of  wa¬ 
ter,  when  they  were  both  placed  upon  cakes  of 
rofin,  at  the  diftance  of  fix  paces ;  and  that 
Mr.  Gordon  even  fired  fpirits  by  a  jet  of  water  [[. 

*  Hiftoire,  p  89. 

f  Dantzick  Memoirs,  Vol.  ii.  p.  426. 

1  Nollet’s  Recherches,  p.  187. 

§  Dantzick  Memoirs,  Vol.  ii  p  317,  358. 

|i  Phil.  Trank  abridged,  Vol.  x.  p.  27 6. 
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Mr.  Gottfried  HeinrickGrummert, 
of  Biala  in  Poland,  made  a  curious  experiment 
upon  eleCtric  light,  which,  as  we  fhall  fee, 
was  afterwards  made  and  purfued  to  great 
advantage  by  Dr.  Watfon  and  Mr.  Canton. 
In  order  to  obferve  whether  an  exhaufted  tube 
would  give  light  when  it  was  electrified,  as 
well  as  when  it  was  excited,  he  prefented  one, 
eight  inches  long,  and  a  third  of  an  inch 
wide,  to  the  electrified  conductor,  and  was 
furprifed  to  find  the  light  dart  very  vividly 
the  whole  length  of  the  tube.  He  alfo  ob- 
ferved,  that,  fome  time  after  the  tube  had  been 
prefented  to  the  conductor,  and  expofed  to 
nothing  but  the  air,  it  gave  light  again,  with¬ 
out  being  brought  to  any  electrified  body. 
This  light  in  vacuo  Mr.  GrummCrt  propofed 
to  make  ufe  of  in  mines  and  places,  where 
common  fires,  and  other  lights  cannot  be  had, 
and  for  this  purpofe  he  mentions  feveral  me¬ 
thods  of  increafing  this  light 

I  shall  conclude  this  account  of  the  dis¬ 
coveries  of  the  German  Philofophers  in  this 
period  with  a  very  curious  one  of  profeffor 
Kruger,  concerning  the  change  made  in  the 
colour  of  bodies  by  the  electric  effluvia.  In 
order  to  try,  whether  there  was  any  thing 
of  fulphur  in  thefe  effluvia,  he  expofed  the 
red  leaves  of  wild  poppies  to  the  eleCtric 
fpark,  and  found  that  they  were  prefently 
changed  to  white.  He  was  not  able  to  pro¬ 
duce  any  change  in  yellow  colours,  nor  in 

*  Cantzkk  Memoirs,  Voi.  I,  p.  417. 
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blue  immediately ;  but  found  that  when  they 
had  lain  a  day  or  two,  after  being  expofed  to 
this  operation  they  became  white.  In  thefe 
experiments  the  leaves  were  fattened  with 
white  wax  to  plates  of  tin 

Such  a  general  attention  was  excited  to 
electricity  by  thefe  curious  difcoveries,  that, 
in  the  year  1 74  5,  eledxical  experiments  were 
exhibited,  in  Germany  and  Holland,  for 
money,  as  a  fhow ;  and  public  advertifements 
appeared  in  the  news-papers  for  that  pur- 
pole  f . 

The  firing  of  the  effluvia  of  bodies,  which 
was  firft  done  in  Germany,  was  foon  after  re¬ 
peated  in  England,  and  among  others  by 
Dr.  Miles ;  who,  as  appears  by  a  paper  of 
his,  read  at  the  Royal  Society,  March  the 
yth,  174 5,  kindled  phofphorus  by  the  appli¬ 
cation  of  the  excited  tube  itfelf  to  it  without 
the  intervention  of  any  conductor 

This  gentleman’s  tube  happening  to  be  in 
excellent  order  upon  this  occafion,  he  obferv- 
ed,  and  was  perhaps  the  firft  who  obferved, 
pencils  of  rays ,  which  he  calls  corufcations , 
darting  from  the  tube,  without  the  aid  of  any 
conductor  approaching  it.  Of  thefe  corufca^ 
tions  he  gave  a  drawing,  which  anfwers  pretty 
exactly  to  the  appearance  of  fuch  pencils  as 
are  now  very  common,  particularly  fince  Mr. 
Canton  has  taught  us  the  pfe  of  the  amal¬ 
gam  a,  by  wTiich  a  tube  may  be  excited 

#  Dantaick  Memoirs,  Vol.  iii.  p.  393. 
t  ibid.  Vol.  ii.  p.  309. 
t  Phil.  Tranf.  abridged,  Vol.  x.  p.  272. 
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much  more  ftrongly  than  it  could  have  been 
before 

But  the  ilioft  diftinguiflied  name  in  this 
period  of  the  hiftory  of  eleCtricity,  is  that  of 
Dr.  Watson.  He  was  one  of  the  firft  among 
the  Eiiglifh  who  took  lip,  and  improved  up¬ 
on,  the  difcoveries  made  by  the  Germans ; 
and  to  his  ingenuity,  and  intenfe  application, 
we  owe  many  Curious  improvements  and  dif¬ 
coveries  in  electricity.  His  firft  letters  to 
fhe  Royal  Society  on  this  fubjeCt  are  dated 
between  March  28th,  and  October  24th* 

1745*  , 

Dr.  Watson’s  attention  to  the  fubjeCt  of 

eleCtricity  feems  firft,  or  principally,  to  have 
been  engaged  by  the  accounts  of  the  Ger- 
tnans  having  fired  fpirit  of  wine  by  it.  Iri 
this  experiment  he  fucceeded  ;  and,  more¬ 
over,  found  that  lie  was  able  to  fire,  not  only 
the  ethereal  fpirit  of  Frobenius,  and  rectified 
fpirit  of  wirie,  but  even  common  proof  fpirit. 
He  alfo  fired  air  made  inflammable  by  a  che¬ 
mical  procefs  •f*.  He  even  fired  both  fpirit  of 
Wine,  and  inflammable  air,  by  a  drop  of  cold 
Water,  thickened  with  a  mucilage  made  with 
the  feed  of  flea-wort,  and  even  with  ice  Fie 
alfo  fired  thefe  fubftances  with  a  hot  poker 
electrified,  when  it  would  not  fire  them  in 
any  other  Hate  §.  He  fired  gunpowder  and 
difcharged  a  mufket  by  the  power  of  electri¬ 
city,  when  the  gunpowder  had  been  ground 
with  a  little  camphor,  or  a  few  drops  of  ferns 

*  Phil.  Tranf.  abridged,  Vol.  x.  p  272. 

f  Ibid*  p.  286.  i  Ibid.  p.  290.  §  Ibid,  p.  288. 
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inflammable  chemical  oil  *.  Laftly,  it  was 
a  difcovery  of  Dr.  Wat  foil’s,  that  thefe  fub^ 
fiances  were  capable  of  being  fired  by  what 
he  calls  the  repitljive  power  of  electricity ; 
which  was  performed  by  the  electrified  per-* 
fon  holding  the  fpoon  which  contained  the 
fubftance  to  be  fired,  and  another  perfon,  not 
electrified,  bringing  his  finger  to  it  “f*.  Be¬ 
fore  this  time,  the  fubftance  to  be  fired  haet 
always  been  held  by  a  perfon  not  electrified. 

In  his  attempts  to  fire  eleCtrics  per  fe,  as 
turpentine,  and  balfam  of  capivi,  by  this  re¬ 
pul  five  power,  he  thought  he  confuted  art 
opinion  which  had  prevailed  among  many 
perfons,  that  electricity  only  floated  on  the 
furfaces  of  bodies,  for  he  found  that  the  fume 
of  thefe  fubftances  could  not  be  fired  by  a 
fpark  fetched  from  the  fpoon  which  contain¬ 
ed  them.  This  fpark  mult  therefore  pals 
through  the  eleCtric,  from  the  furface  of  the 
fpoon  below,  which  was  in  contact  with  the 
electrified  conductor. 

Electrifying  a  number  of  pieces  of 
fine  fpua  glafs,  and  other  pieces  of  wire,  of 
the  fame  length  and  thicknefs,  he  was  agree¬ 
ably  amufed  by  obferving,  that  the  threads 
of  glafs  jumped  to  the  electrified  body,  and 
adhered  to  it  without  any  fnapping ;  where- 
.  as  the  wires  jumped  up  and  down  very  fail, 
giving  a  fnap,  and  a  fmall  flame,  every 
time  f 

*  Phil,  Tranf.  abridged,  VoL  x.  p.  289. 

f  Ibid.  p.  281.  X  Ibid,  p,  2 86. 
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Ijst  a  paper  te ad  at  the  Royal  Society, Febrile 
ary  6th,  1746$  he  obferved,  that  eleCtric 
fparks  appeared  different  in  colour  and  form* 
according  to  the  fubftances  from  which  they 
proceeded  ;  that  the  fire  appeared  much  red¬ 
der  from  rough  bodies,  as  rufty  iron,  &c; 
than  from  polifhed  bodies,  though  they  were 
ever  fo  {harp,  as  from  polifhed  fciffars,  &c. 
He  judged  that  the  different  appearance  was 
owing  rather  to  the  different  reflection  of 
the  eleCtric  light  from  the  furface  of  the  bo¬ 
dies  from  which  it  was  emitted,  than  to  any 
difference  in  the  fire  itfelf  *. . 

He  alfo  obferved,  that  electricity  fuffered 
no  refraCtion  in  pervading  glafs  ;  having 
found,  by  exadt  obfervations,  that  its  direct 
tion  was  always  in  right  lines,  even  through 
glaffes  of  different  forms,  included  one  with¬ 
in  another,  -  and  large  fpaces  left  between 
each  glafs  j~ ;  that  if  books  or  other  non- 
eledtrics  v^ere  laid  upon  glafs  and  interpofed 
between  the  excited  eleCtric  and  light  bodies* 
the  direction  of  the  virtue  was  {till  in  right 
lines,  and  feemed  inftantly  to  pafs  through 
both  the  books  and  the  glafs.  In  thefe  ex¬ 
periments  he  conflantly  obferved,  that  the 
eleCtric  attraction  through  glafs  Was  much 
more  powerful  when  the  glafs  was  made 
warm  than  when  it  wras  cold  He  fome- 
times  found  electricity  to  pervade,  though  in 
fmall  quantities,  eleCtrics  of  above  four  inches 
thick  §„ 

*  Phil.  Tran/*,  abridged,  Vol.  x.  p.  2ro. 

Ibid.  p.  292.  §  Ibid.  p.  295. 
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He  fays,  that  in  eleCtriymg  fubftances  of 
great  extent,  the  attractive  power  was  firft 
obferved  at  that  part  of  it  which  was  mo  ft  re¬ 
mote  from  the  excited  eleCtric. 

He  made  fame  experiments  which  fhowed, 
that  the  fire  of  electricity  was  affected,  neither 
by  the  prefence,  nor  the  abfence  of  other 
fire.  One  of  his  experiments  was  made  with 
a  chemical  mixture,  thirty  degrees  below  the 
freezing  point  of  Fahrenheit's  thermometer  ; 
from  which,  when  electrified,  the  flafhes  were 
as  powerful,  and  the  ftrokes  as  fmart,  as  from 
red  hot  iron  A 

In  a  fequel  to  the  above  experiments,  read 
the  30th  of  October  1746,  Dr.  Watfon  men¬ 
tions  his  having  lined  a  glafs  globe  to  a  con- 
fiderable  thicknefs  with  a  mixture  of  wax  and 
rofin ;  but  he  found  no  difference  between 
that  and  the  other  globes  f. 

He  alfo  made  various  experiments  with  a 
number  of  globes,  whirled  at  the  fame  time, 
and  having  one  common  conductor ;  and  con¬ 
cluded  from  them,  that  the  power  of  electri¬ 
city  was  increafed  by  the  number  and  fize  of 
the  globes,  to  a  certain  degree,  but  by  no 
means  in  proportion  to  their  number  and  fize. 
Yet  the  DoCtor  allows  a  very  great  increafe, 

•  in  an  inference  he  makes  from  thefe  very  ex¬ 
periments.  As  bodies  to  be  electrified,  he 
fays,  will  only  contain  a  certain  quantity  of 
electricity;  when  that  quantity  is  acquired, 
which  is  fooneji  done  by  a  number  of  globes^  the 

•  Phil.  Tranf.  abridged,  Vol.  x%  p.  293. 
f  ibid.  p.  295. 

furcharge 
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furcharge  Is  diffipated  as  faft  as  it  is  excited 
So  that,  it  is  plain,  more  fire  was  polleded 
by  the  number  of  globes,  though  the  form  of 
the  conductor  he  made  ufe  of  was  fuch  as 

‘  o.  t  •  | 

could  not  retain  it.  The  great  power  of  his 
four  globes  united,  is  manifeft  from  his  own 
account  of  them.  For,  he  fays,  that  when  two 
pewter  plates  were  held,  one  in  the  hand  of 
an  eledrined  perfon,  and  the  other  in  the  hand 
of  one  who  flood  upon  the  floor  ;  the  flafhes 
of  pure  and  bright  flame  were  fo  large,  and 
fucceeded  each  other  fo  fall,  that,  when  the 
room  was  darkened,  he  could  diftindly  fee  the 
faces  of  thirteen  perfons  who  flood  round  the 
room  *. 

Lastly,  the  Doctor  found,  that  the  fmoke 
of  original  eledrics  was  acondudorof  eledri- 
city,  and  alfo  that  flame  would  condud  the 
whole  of  it  undiminifhed  ;  by  obferving  that 
two  perfons,  Handing  upon  eledrics,  could 
communicate  the  virtue  to  each  other,  with 
nothing  interpofed  but  the  fmoke  in  the  one 
cafe,  and  flame  in  the  other  f. 

It  was  in  this  period  that  Mr.  Du  Tour 
difcovered  that  flame  would  deftroy  eledricity; 
as  he  informed  the  Abbe  Nollet,  in  a  letter 
dated  2 1  ft  Auguft  1745.  The  fame  was  alfo 
flifcovered  by  Mr.  Waltz. 

*  Phil.  Tranf.  abridged,  Vol.  p.  295. 

f  Ibid.  p.  296. 
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PERIOD  VIII, 

I  v  •  - 

The  history  of  electricity,  from 

THE  DISCOVERY  OF  THE  LEYDEN  PHIAL 
IN  THE  YEARS  1/45  AND  '  1746,  TO  Da, 

FRANKLIN’s  discoveries. 

-•  >> 

SECTION  I, 

The  history  of  the  LEYDEN  PHIAL 
ITSELF,  TILL  Dr.  FRANKLIN’S  DISCO' 

VERIES  RELATING  TO  IT, 

THE  end  of  the  year  1745,  and  the  be¬ 
ginning  of  1746  were  famous  for  the 
moft  furprifing  difcovery  that  has  yet  beerr 
made  in  the  whole  bufmefs  of  eledricity, 
which  was  the  wonderful  accumulation  of  its 
power  in  glafs,  called  at  firft  the  Leyden 
phial;  becaufe  made  by  Mr.  Cuneus  a  na^ 
live  of  Leyden,  as  he  was  repeating  fome  ex¬ 
periments  which  he  had  feen  with  Meffrs, 
Mufchenbroeck,  and  Allamand,  profeffors  in 
the  univerfity  of  that  city  *.  But  the  perfon 
who  firft  made  this  great  difcovery,  was  Mr, 
Von  Kleift,  dean  of  the  cathedral  in  Gamin ; 
who,  on  the  4th  of  November  1745?  fent  an 
account  of  it  to  Dr.  Lieberkuhn  at  Berlin. 
This  account,  as  taken  by  Mr.  Gralath  out 

*  Dalibard’s  Hiltcire  ^brigee,  p.  33. 
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pf  the  regifter  of  the  academy  at  Berlin,  to 
which  it  had  been  communicated,  is  as  fol¬ 
lows.  a  When  a  nail,  or  a  piece  of  thick 
<c  brafs  wire,  &c.  is  put  into  a  fm-all  apothe- 
a  cary?s  phial  and  electrified,  remarkable 
“  effects  follow  :  but  the  phial  mud  be  very 
<c  dry,  or  warm.  I  commonly  rub  it  over 
“  before- hand  with  a  finger,  on  which  I  put 
“  fome  pounded  chalk.  If  a  little  mercury 
or  a  few  drops  of  fpirit  of  wine,  be  put 
u  into  it,  the  experiment  fucceeds  the  better. 
u  As  foon  as  this  phial  and  nail  are  removed 
from  the  electrifying  glafs,  or  the  prime 
u  conductor,  to  which  it  hath  been  expofed, 
is  taken  away,  it  throws  out  a  pencil  of 
u  flame  fo  long,  that,  with  this  burning  ma- 
4C  chine  in  my  hand,  I  have  taken  above  fixty 
u  fteps,  in  walking  about  my  room.  When 
<c  it  is  electrified  ftrongly,  I  can  take  it  into 
a  another  room,  and  there  fire  fpirits  of  wine 
u  with  it.  If  while  it  is  electrifying,  I  put 
my  finger,  or  a  piece  of  gold,  which  I 
*c  hold  in  my  hand,  to  the  nail,  I  receive  a 
*€  fhock  which  ftuns  my  arms  and  fhoulders. 

“  A  tin  tube,  or  a  man,  placed  upon 
cc  eleCtrics,  is  electrified  much  ftronger  by  this 
+c  means  than  in  the  common  way.  When 
I  prefent  this  phial  and  nail  to  a  tin  tube, 
“  which  I  have,  fifteen  feet  long,  nothing  but 
experience  can  make  a  perfon  believe  how 
“  ftrongly  it  is  electrified.  I  am  perfuaded, 
u  he  adds,  that,  in  this  manner,  Mr.  Boze 
u  would  not  have  taken  a  fecond  eleCtrical 
P  kifs.  Two  thin  gjaffes  have  been  broken 

H  4  u  by 
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u  by  the  fliock  of  it.  It  appears  to  me  very 
extraordinary 5  that  when  this  phial  and  nail 
are  in  contact  'with  either  conducting  or 
44  non-condudHng  matter,  the  ftrong  fhock 
u  does  not  follow.  I  have  cemented  it  to 
u  wood,  metal,  glafs,  healing- wax,  &c.  when 
I  have  eledlrihed  without  any  great  efFedL 
The  human  body,  therefore,  mud  contri- 
hute  fornething  to  it. !  This  opinion  is  con¬ 


es 


a 


sc 


44  firmed  by  my  ohferving,  that,  uhlefs  I  hold 
44  the  phial  in  my  hand,  I  cannot  fire  fpirits 
44  of  wine  with  it  M  5 

Notwithstanding  Mr.  Kleift  imme¬ 
diately  communicated  an  account  of  this 
famous  experiment  (which  indeed  it  is  evi¬ 
dent  he  hai  but  im perfectly  described )  to  Mr. 
Winckler  at  teipfick,  Mr.  Swiettiki  of  Dant¬ 
zick,  Mr.  Kruger  of  Hall,  and  to  the  profef- 
fors  of  the  academy  of  Lignitz,  as  well  as  to 
Dr.  Lieberkuhn  of  Berlin  above-mentioned, 
they  alhreturned  him  word,  that  the  experi¬ 
ment  did  not  fueceed  with  them.  Mr.  Gra- 
lath  of  Dantzick,  was  the  firft  with  whom  it 
anfwered  ;  hut  this  was  not  till  after  feveral 
fruitlefs  trial's,  and  receiving  farther  inftruc- 
tions  from  the  inventory.'' 

The  Abbe  Nollet  had  information  of  this 
difeovery,  and,  in  confequence  of  it,  fays,  in 
a  letter  to  Mr.  Samuel  Wolfe,  of  the  Society 
of  Dantzick,  dated  March  9th,  1746,  that 
the  experiment  at  Leyden  was  upon  principles 
fimilar  to  this  made  with  a  phial  half  full  of 


c  Dantzick  Memoirs,  Vol.  i.  p.  407.  f  Ibid,  p  41 1. 
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waters  and  a  nail  dipped  in  it ;  and  that  thi§ 
difcovery  would  have  been  called  the  Dant~* 
gick  experiment,  if  it  had  not  happened  to 
have  got  the  name  of  that  of  Leyden  *. 

The  views  which  led  to  this  difcovery  iq 
Holland  were,  as  I  have  been  informed,  as 
follows.  Profeflor  Mufchenbroeck  and  his 

» ■  1  . "  -  i 

friends,  obferving  that  electrified  bodies,  ex- 
pofed  to  the  common  atmofphere,  which  is 
always  replete  with  conducting  particles  of 
various  kinds,  foon  loft  their  electricity,  and 
were  capable  of  retaining  but  a  fmall  quantity 
of  it,  imagined,  that,  were  the  eledrified 
bodies  terminated  on  all  fides  by  original  elec¬ 
trics,  they  might  be  capable  of  receiving  a 
ftronger  power,  and  retaining  it  a  longer 
time.  Glafs  being  the  moft  convenient  elec¬ 
tric  for  this  purpofe,  and  water  the  moft  con¬ 
venient  non-electric,  they  firft  made  thefe 
experiments  with  water,  in  "glafs  bottles : 
but  no  confiderable  difcovery  was  made,  till 
Mr.  Cuneus,  happening  to  hold  his  glafs  vef- 
fel  in  one  hand,  containing  water,  which  had 
a  communication  with  the  prime  conductor, 
by  means  of  a  wire;  and,  with  the  other 
hand,  difengaging  it  from  the  condudor 
(when  he  imagined  the  water  had  received  as 
much  electricity  as  the  machine  could  give  it) 
was  furprifed  by  a  hidden  (hock  in  his  arms 
ahd  breaft,  which  he  had  not  in  the  leaft  ex¬ 
pected  from  the  experiment. 

i  w  ^ 

*  Dantzick  Memoirs,  Vol.  i.  p.  409. 
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Mr,  All  am  and  and  Mr.  Mufchenbroeck 
Were  the  firft  who  repeated  and  piiblifhed  ar$ 
account  of  this  experiment  in  Holland,  the 
Abbe  Nollet  and  Monfieur  Monnier  in 
prance,  and  Meffrs.  Gralath  and  Rugger  in 
Germany  A 

It  is  extremely  curious  to  obferve  the  dev 
fcriptions  which  philofophers,  who  firft  felt 
the  ele&rifical  fhock,  give  of  it ;  efpecially  as 
wxe  are  fure  we  can  give  ourfelves  the  fame  fen- 
fation,  and  thereby  compare  their  defcriptions 
with  the  reality.  Terror  and  furprize  certain¬ 
ly  contributed  not  a  little  to  the  exaggerated 
accounts  they  gave  of  it ;  and,  could  we  not 
have  repeated  the  experiment,  wTe  fliould  have 
formed  a  very  different  idea  of  it  from  wdiat 
it  really  is,  even  when  given  in  greater 
ftrength  than  thofe  who  firft  felt  this  eledrical 
fhock  were  able  to  give  it.  It  will  amnfe  my 
readers  if  I  give  them  an  example  or  two. 

Mr.  Muschenbroeck,  who  tried  the  ex¬ 
periment  with  a  very  thin  glafs  bowl,  fays, 
in  a  letter  to  Mr.  Reaumur,  which  he  wrote 
foon  after  the  experiment,  that  he  felt 
himfelf  ftruck  in  his  arms,  fhoulder  and 
breaft,  fo  that  he  loft  his  breath,  and  was  two 
days  before  he  recovered  from  the  effe&s  of 
the  blow  and  the  terror.  He  adds,  that  he 
would  not  take  a  fecond  fhock  for  the  king¬ 
dom  of  France  f. 

*  Dantzick  Memoirs,  Vol  ii.  p.  433, 

Hiftoire,  de  Feledtuiclte,  p.  30. 
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The  firft  time  Mr.  Allamand  made  this 
experiment  (which  was  only  with  a  common 
beer  glafs]  he  fays,  that  he  loft  the  life  of  his 
breath  for  fome  moments ;  and  then  felt  fq 
intenie  a  pain  ail  along  his  right  arm,  that  he 
at  firft  apprehended  ill  confequences  from  it, 
though  it  foon  after  went  off  without  any  in¬ 
convenience  *.  But  the  moft  remarkable  ac- 
count  is  that  of  Mr.  Winclder  of  Leipfic.  He 
fays,  that  the  firft  time  he  tried  the  Leyden 
experiment,  he  found  great  convulfions  by  it 
in  his  body;  and  that  it  put  his  blood  into 
great  agitation  ;  fo  that  he  was  afraid  of  an 
ardent  fever,  and  was  obliged  to  ufe  refrige¬ 
rating  medicines.  Lie  alfo  felt  an  heavinefs 
in  his  head,  as  if  a  ftone  lay  upon  it.  Twice, 
he  fays,  it  gave  him  a  bleeding  at  his  nofe, 
to  which  he  was  not  inclined.  His  wife 
(whofe  curiofity,  it  feems,  was  ftronger  than 
her  fears)  received  the  fhock  only  twice,  and 
found  herfelf  fo  weak,  that  fhe  could  hardly 
walk;  and,  a  week  after,  upon  recover¬ 
ing  courage  to  receive  another  fhock,  fhe  bled 
at  the  nofe  after  taking  it  only  once 

We  are  not,  however,  to  infer  from  thefe 
inftances,  that  all  the  eledricians  were  ftruck 
with  this  panic.  Few,  I  believe,  would  have 
joined  with  the  cowardly  profeftor,  who  faid 
that  he  would  not  take  a  fecond  for  the  king¬ 
dom  of  France.  Far  different  from  thefe  were 
the  fentiments  of  the  magnanimous  Mr.  Boze, 
who  with  a  truly  philofophical  heroifm,  worthy 

t  <*  * 

*  Phil.  Tranf.  abridged,  Vol.  x,  p.  321. 
t  Ibid.  p.  337. 
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pf  the  renowned  Empedocles,  faid  he  wifiied 
jie  might  die  by  the  eledtric  ihock,  that  the 
account  of  his  death  might  furnifh  an  article 
for  the  memoirs  of  the  French  Academy  of 
Sciences  *#  But  it  is  not  given  to  every  elec¬ 
trician  to  die  in  fo  glorious  a  manner  as  the 
juftly  envied  Richman. 

It  was  this  aftoni filing  experiment  that 
gave  eclat  to  electricity.  From  this  time  it 
became  the  fubjedt  of  general  converfatiom 
Every  body  was  eager  to  fee,  and,  notwith- 
1  tan  ding  the  terrible  account  that  was  report¬ 
ed  of  it,  to  feel  the  experiment ;  and  in  the 
fame  year  in  which  it  was  difcovered,  num¬ 
bers  of  perfons,  in  almofc  every  country  in 
Europe,  got  a  livelihood  by  going  about  and 
plowing  it. 

While  the  vulgar  of  every  age,  fex,  and 
rank  were  viewing  this  prodigy  of  nature  and 
philofophy  with  wonder  and  amazement,  we 
are  not  furprized  to  find  all  the  electricians  of 
Europe  immediately  employed  in  repeating 
this  great  experiment,  and  attending  to  the 
circumftances  of  it.  Mr.  Allamand  remark¬ 
ed,  that,  when  he  firft  tried  it,  he  flood  lim¬ 
ply  upon  the  floor,  and  not  upon  cakes  of 
rofin.  He  faid,  that  it  did  not  fucceed  with 
all  kinds  of  glafs;  for  that,  though  he  had 
tried  feveraj,  he  had  perfedt  fuccefs  with  none 
but  that  of  Bohemia,  and  that  he  had  tried 
Englifii  glaffes  without  any  efFedt  at  all  -f*. 
ProfelFor  Mufchenbroeck  at  that  time  only 

#  Hiftoire,  p.  164. 

f  Phil.  Tranf,  abridged,  Vol.  x.  p»  32 1. 
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obferved,  that  the  glafs  muft  not  be  all  wet 
on  the  outfide. 

It  is  no  wonder  that  fo  few  of  the  pro¬ 
perties  of  glafs  charged  with  electrical  fire 
were  known  at  fir  ft,  notwithftanding  the  at-** 
tentioir  that  was  immediately  given  to  the 
fubjedt  by  all  the  electricians  in  Europe.  The 
experiment  is,  to  this  day,  juftly  viewed 
with  aftonilhment  by  the  moft  profound  elec^ 
tricians :  for,  though  forne  remarkable  phe¬ 
nomena  of  it  have  been  excellent-y  account¬ 
ed  for  by  Dr.  Franklin,  and  others,  much 
remains  to  be  done  ;  and,  in  many  refpeds, 
the  circumftances  attending  it  are  ftill  inex-^ 
plicable.  What  will  refult  from  more  atten¬ 
tion  being  given  to  it,  time  only  can  fhow. 

To  begin  the  farther  illuftration  of  this 
difcovery  with  fuch  of  the  phenomena  as 
were  obferved  in  Germany,  where  it  was 
made.  Mr.  Gralath  made  the  fhock  much 
ftronger  by  ufing  a  glafs  veffel  five  inches  in 
diameter,  with  a  narrow  neck,  ten  inches 
long;  by  fubftituting  an  iron  wire  with  a 
knob  of  tin  for  the  iron  nail,  and  water  for 
fpirit  of  wine  Tie  firft  found,  that  the 
fame  fhock  could  be  communicated  to  a  num¬ 
ber  of  perfons,  who  took  hold  of  one  an¬ 
other’s  hands ;  if  the  perfon  atone  extremi¬ 
ty  of  the  line  they  made,  touched  the  outfide 
of  the  phial,  and  he  at  the  other  touched  a 
wire  communicating  with  the  infide.  In  this 
manner,  on  the  10th  of  April,  1746,  he  gave 

*  Dan tzick  Memoirs,  Vo),  ii.  p.  4 n. 
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a  fhock  to  twenty  perfons  ;  and  he  fays,  he 
did  not  doubt,  but  it  might  be  given  to  a 
thoufand  *.  When  thefe  perfons  were  con¬ 
nected  by  pieces  of  metal,  and  did  not  hold 
one  another5s  hands,  they  found  the  fame 
fhock,  but  not  when  they  held  wood,  and 
other  imperfedt  conductors  This  gentle¬ 
man,  alfo,  gave  a  fhock,  by  means  of  long 
wires,  to  a  perfon  handing  in  a  garden,  while 
he  himfelf,  who  dire  di  ed  the  experiment,  had 
the  machine  in  a  part  of  the  houfe  at  a  confi- 
derable  diftanoe  £ ;  and  he  was  the  firft  who 
inade  what  we  now  call  an  electrical  battery ; 
for  he  increafed  the  fhock  by  charging  feveral 
phials  at  the  fame  time  §.  Laftly  he  obferv- 
ed  that  if  the  phial  had  the  ieaft  crack  in  it, 
if  could  never  give  a  fhock ;  and  alfo  that 
when  a  phial  was  difcharged  it  acquired  a  final! 
charge  by  handing,  without  receiving  any 
thing  from  the  machine,  fc  as  to  give  a  final! 
fhock  |f.  This  is  what  we  now  call  the  reji- 
duum  of  a  charge,  and  is  properly  that  part  of 
the  charge  that  lay  on  the  uncoated  part  of  the 
phial,  which  doth  not  let  go  all  its  eledlricity 
at  once ;  fo  that  it  is,  afterwards,  gradually 
diffufed  to  the  coatinn. 

o 

Mr.  Wjnckler  found  out  the  method  of 
making  the  difcharge  of  the  phial  without 
feeling  the  >  fhock  himfelf,  by  not  bringing 
his  own  body  into  the  diredt  circuit^.  He 

alfo  gave  the  fhock  when  feveral  ells  of  run- 

(  - 

*  Dantzick  Memoirs,  Vol.  ii.  p.  439.  f  Ibid.  p.  440. 

X  Ibid.  §  Ibid.,  p.  £52. 

|[  ibid.  Vol.  i.  p.  514,  516.  ^  Ibid.  Vol.  ii.  p.  459. 
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filing  water,  in  his  garden,  made  part  of  the 
circuit.  This  he  did  on  the  28th  of  July 
1746,  about  the  fame  time  that  Monlieur 
Monnier  performed  the  fame  experiment  in 
France*.  And,  laftly,  he  found,  that  the 
more  globes  were  ufed,  and  the  larger  they 
were,  the  ftronger  was  the  fhockf.  This 
mu  ft  be  the  confcquence  of  increasing  the 
power  of  excitation. 

When  Mr.  Jallabert  made  the  Leyden  ex¬ 
periment  with  hot  water,  the'  phial  broke  by 
a  fpontaneous  difeharge,  and  a  circular  piece, 
two  lines  and  a  half  in  diameter,  was  thrown 
from  the  place  of  the  rupture,  againft  a  wall, 
which  was  at  the  diftance  of  five  feet.  The 
Teffel,  he  fays,  had  no  crack,  or  other  in- 

jury  f  * 

Dr.  Watson,  who  gives  an  account  of 
this  famous  experiment  in  the  Philofophical 
Tranfadtions,  obferves,  that  it  fucceeded  beft 
when  the  phial,  which  contained  the  water,' 
was  of  the  thinneft  glafs,  and  the  water 
warmer  than  the  ambient  air.  He  fays  he 
tried  the  effedt  of  increafmg  the  quantity  of 
water  in  glafs  veffels  of  different  fizes,  as  far 
as  four  gallons,  without  in  the  leaft  increaf- 
ing  the  ftroke.  He  alfo  obferved,  that  the 
force  of  the  ftroke  did  not  increafe  in  propor¬ 
tion  to  the  fize  of  the  globe,  or  the  number  of 
globes  employed  upon  the  occafion ;  for  that 
he  had  been  as  forcibly  ftruck  with  a  phial 

*  Dantzick  Memoirs,  Vol.  iii.  p.  504. 

f  Ibid,  p,  526.  t  Jallabert’s  Experiences,  p.  128. 
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\  t 

charged  by  means  of  a  globe  of  feven  inches 
in  diameter,  as  from  one  of  fixteen,  or  front 
three  of  ten  ;  and  that,  at  Hamburgh;  a  fphere 
had  been  employed  of  a  Flemifh  ell  in  dia¬ 
meter,  without  the  expected  increafe  of 
power*  But,  in  both  thefe  obfervations,  there 
mu  ft  have  been  feme  miftake.  He  found; 
that  if  mercury  was  ufed  inilead  of  water, 
the  ftroke  was  by  no  means  d  acre  a  fed  in  pro¬ 
portion  to  its  fpecific  gravity.  He  alfo  firft  ob- 
lerved,  that  feveral  men,  touching  each  other; 
and  ftanding  upon  eledrics,  were  all  fhocked; 
though  only  one  touched  the  gun  barrel;  but 
that  no  more  fire  was  vifible  from  them 
all,  than  if  one  had  only  difcharged  it. 

•Several  of  thefe  obfervations  fhow  how 

imperfedly  this  great  experiment  was  tinder^ 

flood,  for  feme  time  after  it  was  firft  made. 

Dr.  Watfon,  however,  obferved  a  circumftance 

attending  the  charging  of  the  phial,  which,  if 

purified,  would  have  led  him  to  the  difeovery, 

which  was  afterwards  made  by  Dr.  Franklin. 

Ke  fays,  that  <c  when  the  phial  is  well  elec- 

u  trifled,  and  you  apply  your  hand  thereto, 

4 6  you  fee  the  fire  ftafti  from  the  outfide  of 

tc  the  glafs,  wherever  you  touch  it,  and  it 

u  crackles  in  your  hand  'fi5' 

He  alfo  obferved,  that  when  a  firigle  wire 

only  was  faftened  round  a  phial,  properly 

hlled  with  warm  water,  and  charged;  upon 

the  inftant  of  its  explofion,  the  eledrical  cor- 

rufeations  were  feen  to  dart  from  the  wire, 

»  — 

*  PhilofopMcal  Tranfa&ions  &h;idgcd,  Yol.  p.  29S. 
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and  to  illuminate  the  water  contained  in  the 
phial. 

Several  other  very  important  circum- 
fiances,  relating  to  the  difcharge  of  the  phial* 
were  obferved  by  Dr.  Watfon.  He  found  that 
the  ftroke  was,  cczteris  paribus ,  as  the  points 
of  coritad  of  the  non-eledrics  on  the  outride 
of  the  glafs.  And  upon  (bowing  Dr.  Be  vis 
the  experiments  which  proved  this  affertion* 
the  Do  ft  or  fuggefted  a  more  clear  and  fatif- 
fadory  method  of  proving  it,  and  which  has 
been  the  means  of  accumulating  and  increaf- 
ing  the  force  of  charged  glafs,  far  beyond 
what  was  expeded  from  the  firft  difcovery  of 
it.  This  method  was,  coating  the  out  fide  of 
the  phial,  very  near  to  the  neck,  with  flieet- 
lead,  or  tinfoil.  When  a  bottle  was  prepared 
in  this  manner,  and  nearly  filled  with  water, 
they  obferved,  that  a  perfon  who  only  held 
in  his  hand  a  fmall  wire  communicating  with 
that  coating,  felt  as  ftrong  a  Chock  as  he 
would  have  felt,  if  his  hand  had  been  in  adual 
contad  with  every  part  of  the  phial  touched 
by  the  coating  E 

Dr.  Watson  alfo  difcovered,  that  the  elec¬ 
trical  power,  in  the  difcharge  of  the  phial, 
darts  re£li]Jimo  curfu ,  as  he  flyles  it,  between 
the  gun-barrel  and  the  phial ;  and,  though  it 
is  not  ftridly  true,  that  the  fhock  goes  the 
neareft  way,  yet  it  does  fo  cceteris  paribus , 
which  alone  was  a  confiderable  difcovery  for 
that  time.  He  obferved,  that,  in  a  company 

*  Phil  Tranf.  abridged,  Vol.  x,  p, 299. 
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joining  hands,  a  perfon  touching  two  other 
periods  in  the  circle,  who  did  themfelves 
touch  one  another,  felt  nothing  of  the  Ihock, 
his  body  making  no  neceffary  part  of  the 
circle ;  and  alfo,  if  a  man,  holding  a  wire, 
which  communicated  with  the  outfide  of  the 
phial,  as  it  hung  upon  the  conductor,  fhould 
touch  the  conductor  with  it;  the  explofion 
Was  made,  but  the  man  felt  nothing  *. 

In  a  paper  read  at  the  Royal  Society,  Ja¬ 
nuary  2 1 ft,  1748,  Dr.  Watfon  mentions  an¬ 
other  difcovery  relating  to  the  Leyden  phial, 
which  Dr.  Be  vis  fuggefted,  and  he  completed. 
Having  been  before  fully  fatisfied,  that  the 
ihock  from  the  phial  was  not  in  proportion 
to  the  quantity  of  matter  contained  in  the 
glafs,  but  was  increafed  by  it,  and  likewife 
by  the  number  of  points  of  non-eledxic  con¬ 
tact  on  the  outfide  of  the  glafs ;  he  procured 
three  jars,  into  which  he  put  round  leaden 
{hot,  and,,  joining  their  wires  and  coating, 
difcharged  them  all  as  one  jar.  Upon  this  he 
obferved,  that  the  electrical  explofion  from 
two  or  three  of  thole  jars  was  not  double  or 
treble  to  that  from  one  of  them  ;  but  that  the 
explofion  from  three  was  much  louder  than 
that  from  two,  and  the  explofion  from  two 
much  louder  than  that  from  one  f . 

This  experiment  had  induced  him  to  ima¬ 
gine,  that  the  explofion  from  thole  jars  was 
owing  to  the  great  quantity  of  non-eleCtric 
matter  contained  in  them.  And  whilft  he  was 

*  Phil.  Tranf.  abridged*  Yol,  x.  p.  301. 

4  Ibid,  p,  374. 
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confidering  of  fome  certain  method  of  allur¬ 
ing  himfelf  whether  the  fad:  was  fo,  Dr.  Bevis 
informed  him,  that  he  had  found  the  eledlri- 
cal  explofion  to  be  as  great  from  covering  the 
Tides  of  a  pane  of  glafs,  within  about  an  inch 
of  the  edge  (which  was  a  curious  improve¬ 
ment  of  Mr.  Smeaton’s),  as  it  could  have  been 
from  an  half  pint  phial  of  water.  Upon  this 
Dr.  Watfon  coated  large  jars  with  leaf  filver, 
both  infide  and  outfide,  within  an  inch  of  the 
top,  and  from  the  great  expofion  he  produc¬ 
ed,  when  fo  little  non-eledric  matter  was  con¬ 
tained  in  them,  he  was  of  opinion,  that  the 
eifed:  of  the  Leyden  bottle  was  greatly  in- 
creafed  by,  if  it  was  not  principally  owing  to, 
not  fo  much  the  quantity  of  non-ele<dric  mat¬ 
ter  contained  in  the  glafs,  as  the  number  of 
points  of  non-eledric  contact  within  the  glafs, 
and  the  denfity  of  the  matter  of  which  thofe 
points  confided  ;  provided  the  matter  was,  in 
its  own  nature,  a  ready  conductor  of  electri¬ 
city.  He  alfo  obferved,  that  the  explofion 
was  greater  from  hot  water  inclofed  in  glaffes, 
than  from  cold;  and  from  his  coated  jars 
warmed,  than  when  cold  L 

The  Do  dor  obferved,  that  when  the  circle 
for  the  difcharge  was  not  through  perfed: 
condud:ors,  the  explofion  was  made  (lowly, 
and  not  all  at  once.  This  law,  he  fays,  was 
invariable,  but  he  was  not  able  to  account  for 
it.  But  to  prove  that  the  eledricity  paffed 
with  its  whole  force  through  the  circle  of 


* 


Phil.  Tranf,  abridged,  Vo!,  x,  p.  377. 
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non-eledirics,  he  made  a  circuit  confiding  of 
iron  bars,  and  fpoons  filled  with  fpirits  be¬ 
tween  each  bar  (but  at  fome  fmall  diftance 
from  them),  and,  upon  the  explofion,  all  the 
fpoons  were  on  fire  at  once.  This  was  the 
firft  time,  as  he  obferves,  that  fpirits  were 
fired  without  either  the  fpirits,  or  the  non- 
eleQric  on  which  they  were  placed,  being  in- 
fulated,  or  put  upon  original  eledirics.  And 
yet,  he  fays,  though  we  know,  from  its  ef¬ 
fects,  that  the  eledtricity  goes  through  the 
whole  circuit  of  non-eledtrics,  with  all  its 
vigour,  its  progrefs  is  fo  quick,  as  not  to  af- 
fedt,  by  attracting  or  otherwife,  any  light 
bodies  difpofed  very  near  the  non-eledtrics, 
through  which  it  mu  ft  neceffarily  pafs  *. 

It  is  curious  to  obferve  in  what  manner 
Dr.  Watfon  explained  the  fhock  of  the  Ley¬ 
den  phial,  about  the  time  that  he  firft  made 
the  experiment  with  it.  He  had  then  been 
led  (by  a  courfe  of  experiments  which  will  be 
mentioned  hereafter)  to  the  notion  both  of  the 
afflux^  and  efflux  of  elediric  matter  in  all  elec¬ 
trical  experiments.  To  apply  this  principle 
to  the  cafe  in  hand,  he  fuppofed,  that  the 
man  who  felt  the  fhock  parted  with  as  much 
of  the  fire  from  his  body,  as  was  accumulat¬ 
ed  in  the  water  and  the  gun-barrel ;  and  that 
he  felt  the  effedt  in  both  arms,  from  the  fire 
which  was  in  his  body,  rufhing  through  one 
arm  to  the  gun  barrel,  and  through  the  other 
to  the  phial.  He  imagined  alfo,  that  as  much 

fire 


*  Phil.  Tranf.  abridged,  Vol.  x.  p,  378. 
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fire  as  the  man  parted  with  was  inftantly  re¬ 
placed  from  the  floor  of  the  room,  and  that 
with  a  violence  equal  to  the  manner  in  which 
he  loft  it.  It  alfo  appears,  from  Dr.  Watfon’s 
remarks  on  fome  fubfequent  experiments  of 
Mr.  Monnier,  that  he  then  imagined,  that 
though  a  confiderable  quantity  of  the  elecftric 
matter  pervaded  the  glafs  (as  he  thought  was 
feen  upon  prefenting  a  non-ele&ric  body  to 
it,  when  it  flood  upon  the  glafs  ftand,  and 
without  which  it  could  mot  be  charged  at  all) 
yet*  that  the  lofs  of  the  eledxic  matter  this 
way  was  not  equal  to  what  came  in  by  the 
wire ;  the  thinnefs  of  the  glafs  permitting  it 
not  wholly,  but  partially  to  flop  the  elec¬ 
tricity  *. 

Aft erw arts,  when  (from  a  courfe  of 
experiments,  which  will  alfo  be  recited  in 
their  proper  place)  Dr.  Watfon  changed  his 
opinion  about  this  afflux  and  efflux  of  elec¬ 
tric  matter,  with  a  generoftty  and  franknefs 
becoming  every  inquirer  after  truth,  he  re¬ 
tracted  this  hypothefis ;  and,  in  refutation  of 
it,  he  farther  adds,  that  the  charged  phial 
will  explode  with  equal  violence,  if  the  hoop 
of  the  wire  be  bent,  fo  as  to  come  near  the 
coating  of  the  phial,  without  any  other  non- 
el  eftric  body  being  near,  from  which  fuch  a 
quantity  could  be  fnpplied.  He  had  alfo  ob- 
ferved,  that  if  a  man  flood  upon  glafs,  and 
difcharged  the  phial,  he  felt  the  fame  fhock 
as  if  he  had  flood  upon  the  floor.  I  fhall  fab- 

*  Phil.  Tranf.  abridged,  Vol.  x.  p.  34.S.  * 
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join  a  remarkable  paragraph  of  the  Doctor 
hlmfeif  upon  this  occafion,  as  I  think  it  very 
applicable  even  to  us,  in  this  more  advanced 
ftate  of  the  fcience. 

44  I  take  notice  of  thefe,”  fays  the  Doc¬ 
tor,  44  in  as  much  as,  notwithftanding  the 
44  very  great  progrefs  which  has  been  made 
44  in  our  improvements  in  this  part  of  natural 
44  philofophy,  within  thefe  few  years ;  pofte-^ 
44  rity  will  regard  us  as  only  in  our  noviciate ; 
<4  and  therefore  it  behoves  us,  as  far  as  we 
44  can  be  juftified  therein  by  experiment,  to 
44  corred  any  conclufions  we  may  have 
44  drawn,  if  others  yet  more  probable  prefent 
44  themfelves  The  Dodor  has  lived  to 
fee,  not  only  that  ppfierity  would  confider 
him  and  his  affiftants  at  that  time,  as  in  their 
noviciate  ;  but  he  himfelf,  already  in  the  courfe 
of  a  few  years,  looks  upon  both  himfelf  and 
them  in  the  fame  light.  And,  confidering 
the  quick  advances  ftill  making  in  this  fcience, 
it  is  to  be  hoped  he  may  ftill  live  to  fee,  even 
the  eledricians  of  the  prefent  year  to  have 
been  only  in  their  noviciate. 

Having  feen  what  was  done  by  Dr.  Wat- 
fon  towards  explaining  the  eledric  fhock,  be¬ 
fore  it  was  undertaken  by  Dr.  Franklin ;  let 
us  fee  what  obligations  we  are  under  to  other 
Engliih  eledricians,  and  particularly  Mr. 
Wilfon. 

Mr.  Wilson  fays  that,  as  early  as  the 
year  ij 46,  he  difcoverecl  a  method  of  giving 

*  Phil.  Tranf.  abridged,  Vol,  x.  p.  373. 
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the  fhock  to  any  particular  part  of  the  body 
without  affeding  the  reft  A  Lie  increafed  the 
ftrength  of  the  (hock  by  plunging  the  phial 
in  water,  thereby  giving  it  a  coating  of  water 
on  the  outfide,  as  high  as  it  was  filled  on  the 
infidef. 

In  a  letter  to  Mr.  Smeaton,  dated  Dublin. 
Odober  6th,  1746,  he  mentions  his  having 
made  feme  experiments,  in  order  to  difcover 
the  law  of  accumulation  of  the  eledric  mat¬ 
ter  in  the  Leyden  bottle ;  and  found,  that  it  was 
always  in  proportion  to  the  thinnefs  of  the 
glafs,  the  furface  of  theglafs,  and  that  of  the 
non-eledrics  in  contad  with  the  infide  and 
outfide  thereof.  The  experiments,  he  fays, 
were  made  with  water  a  little  warmed,  which 
was  poured  into  the  bottle,  vdfile  the  outfide 
was  immerged  in  a  veffel  filled  with  water, 
but  a  little  colder  ^  leaving  three  inches,  or 
thereabout,  uncovered,  which  wTas  preferved 
dry  and  free  from  duft.  An  account  of  this 
experiment  he  wrote  to  Mr.  Folkes,  and  it 
was  read  before  the  Royal  Society,  Odober 
23d,  1746,  as  appears  by  their  minutes  of 
that  day,  though  the  original  was  loft  or 
rniilaid. 

Another  curious  experiment  Mr.  Wilfou 
made,  in  order  to  prove  an  hypothefis, 
which  he  conceived  very  early,  of  the  influ¬ 
ence  of  a  fubtle  medium  furrounding  ajl 
bodies,  and  refilling  the  entrance  or  exit  of 
the  eledric  fluid.  To  determine  this,  he  made 

*  Wilfon’s  EfTay,  p.  83.  f  Ibid.  p.  7?. 
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the  Leyden  experiment  with  a  chain,  and 
confidered  each  link  of  it  as  having  two  fur- 
faces,  at  leaf!: ;  fo  that  lengthening  or  fhorten- 
ing  the  chain,  in  each  experiment,  would  oc- 
cafion  different  refinances  ;  and  the  event,  he 
fays,  proved  accordingly.  When  he  made 
the  difcharge  with  one  wire  only,  he  found 
the  refiftance  to  be  lefs  than  when  a  chain  was 
ufed.  But  to  leave  no  room  for  doubt,  he 
caufed  the  chain  to  be  dretched  with  a  weight, 
that  the  links  might  be  brought  nearer  into 
contadi,  and  the  event  was  the  fame  as  when 
a  fingle  wire  had  been  ufed  *• 

Two  circuits  being  made,  one  confiding  of 
the  arms  of  a  man,  and  the  other  of  the  links 
of  a  chain ;  he  found,  that  the  fire  would 
take  the  arms  of  the  man ;  but  that  if  the 
chain  were  ftretched,  it  wrould  take  the  chain. 
No  perfon,  he  fays,  who  has  not  made  the 
experiment,  would  imagine,  with  how  much 
force  the  chain  mud  be  dretched  before  the 
experiment  will  anfwer,  and  the  eledtric  fluid 
pafs  through  it  without  producing  a  fpark  at 
any  of  the  links ;  that  is,  before  the  links  can 
be  brought  into  abfolute  contact  with  one 
another,  their  own  weight  being  by  no  means 
fufficient  f . 

Mr.  Wilson  obferved,  that  if  one  part  of 
the  Leyden  phial  wss  ground  very  thin,  and 
covered  with  fealing-wax  till  it  was  charged, 
and  then  had  the  fealing-wax  taken  off,  and 
a  conductor  communicating  with  the  earth 

*  Letter  to  Hoadley.  f  Wilton  and  Hoadley,  p.  65'. 
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touched  the  thin  part,  the  charge  would  be 
diffipated  in  nearly  half  the  time  that  it  other- 
wife  would  have  been 

He  obferved  that  bodies,  placed  without 
the  electric  circuit,  would  be  affeCted  with  the 
fhock,  if  they  were  only  in  contad  with  any 
part  of  it,  or  very  near  it.  To  fhew  this  to 
the  moft  advantage,  he  fet  a  charged  phial 
upon  a  glafs  ftand,  and  placed  feveral  pieces 
of  brafs  upon  the  ftand,  one  of  them  in  con- 
tad:  with  the  chain  that  formed  the  circuit,  and 
others  a  twentieth  of  an  inch  from  it,  or  from 
one  another ;  and,  upon  making  the  difcharge, 
there  was  a  fpark  vifible  between  each  of 
them  •f*. 

Analogous,  in  fome  refpeds,  to  this, 
was  Mr.  Wilfon’s  obfervation,  that  if  the  cir¬ 
cuit  was  not  made  of  metals,  or  other  very 
good  conductors,  the  perfon  who  laid  hold  of 
them,  in  order  to  perform  the  experiment,  felt 
a  confiderable  fhock  in  that  arm  which  was  in 
contad  with  the  circuit. 

He  alfo  obferved,  that  when  the  phial  was 
coated,  within  and  without,  with  metals,  the 
firll  explofion  bore  the  greateft  proportion  to 
the  fubfequent  ones,  the  whole  charge  being 
diffipated  aim  oft  at  once ;  whereas,  when  wa¬ 
ter  was  ufed,  the  fubfequent  explofions  were 
more  in  number,  and  more  confiderable ;  and 
that  when  the  phial  was  charged  with  nothing 
but  a  wire  inferted  into  it,  the  firft  explofion 

*  Wilfon’s  Eflay,  p.  74.  f  Ibid.  p.  90. 
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and  the  fubfequent  ones  were  ftill  more  near¬ 
ly  equal. 

Mr.  Wilson  once  happening  to  break  a 
fmall  wire  by  the  convulfive  fhock  given  to 
his  arms  by  the  Leyden  phial,  he  fattened  to 
his  hands,  well  guarded  with  leather,  a  large 
wire,  of  the  thicknefs  of  a  {lender  knitting 
needle,  and  placed  himfelf  in  fuch  a  manner, 
that  it  would  neceflarily  be  ftretched,  if  his 
arm  fhould  be  convulfed  again.  He  accord¬ 
ingly  difcharged  the  phial,  and  this  wire  was 
broken,  like  the  former 

Mr.  George  Graham  fliewed  how  feve- 
ral  circuits  for  the  difcharge  of  the  Leyden 
phial  might  be  made  at  the  fame  time,  and 
the  fire  be  made  to  pafs  through  them  alb  He 
made  a  number  of  perfons  take  hold  of  a 
plate  of  metal,  communicating  with  the  out- 
fide  of  the  phial;  and  all  together,  likewife, 
laid  hold  of  a  brafs  rod  with  which  the  dif¬ 
charge  was  made ;  when  they  were  all  {hock¬ 
ed  at  the  fame  time,  and  in  the  fame  de^ 
gree  f. 

Lastly,  Mr.  Canton  found,  that  if  a 
charged  phial  was  placed  upon  electrics,  the 
wire  and  the  coating  would  give  a  fpark  or 
two  alternately  ;  and  that,  by  continuing  this 
operation,  the  phial  would  be  difcharged 
This  difcovery,  which  is  the  firft  that  I 
find  recorded  of  this  excellent  philofopher,  to 
whom  the  fcience  of  electricity  owes  fo  much, 
has  a  near  affinity  to  the  great  difcovery  of 


*  Wilfon’s  Effay,  p.  84. 
X  Ibid,  p.  64. 


f  Ibid.  p.  12S. 
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Dr.  Franklin ;  but  he  did  not  then  obferve, 
that  thofe  alternate  fparks  proceeded  from  the 
two  contrary  electricities.  This  hiftory  will 
furniih  many  more  inftances  of  perfons  being 
on  the  eve  of  great  difcoveries,  without  ac¬ 
tually  making  them.  Both  Mr.  Gralath  and 
Mr.  Richman  obferved,  in  feveral  cafes,  a 
ftronger  fpark  between  two  bodies,  when  both 
of  them  were  electrified,  than  when  only  one 
of  them  was  in  that  ftate ;  but  neither  of  them 
fufpedted  that  the  electricities  were  of  a  dif¬ 
ferent  kind  *. 

We  have  feen  what  obfervations  the  Eng- 
lifh  philofophers  had  made  upon  the  Leyden 
experiment  before  the  time  of  Dr.  Franklin  ; 
let  us  now  take  a  view  of  what  was  done  by 
electricians  in  other  parts  of  the  world,  with¬ 
in  the  fame  period. 

As  Mr.  Mufchenbroeck’s  letter  to  Mr* 
Reaumur,  concerning  the  experiment  of  the 
phial,  came  at  a  time  when  many  learned 
men  were  employed  about  electricity,  the 
Abbe  Nollet,  and  Mr.  De  Monnier,  gentle¬ 
men  of  the  academy,  zealous  to  fearch  into  fo 
an  extraordinary  a  phenomenon,  diverting 
themfelves  of  the  fear  with  which  the  pro- 
feffor’s  letter  had  juftly  infpired  them,  made 
the  experiment  upon  themfelves,  and,  in  like 
manner,  faid  they  found  the  commotion  very 
terrible.  The  report  of  it  inftantly  fpread 
through  the  court  and  the  city,  from  whence 
all  ranks  of  men  crouded  to  fee  this  new 

*  Wilcke’s  Preface  to  the  German  Verfion  of  Franklin’s 
Letters. 
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kind  of  thunder,  and  to  experience  the  effect 
of  it  A 

The  Abbe  No! let  was  the  firft  who  made 
experiments  upon  the  phial  in  France,  and 
the  refult  of  many  of  them  was  the  fame 
with  what  Dr.  Watfon  had  difcovered,  for 
which  reafon  I  fhall  not  recite  them  here. 
They  may  all  be  feen  at  one  view  in  his 
Leco?2s  de  phy/ique^  p.  481.  The  circumftances 
which  the  Englifh  philofophers  had  not  at¬ 
tended  to,  are  the  following. 

The  Abbe  received  a  fhock  from  a  bottle 

•'  V  - 

out  of  which  the  air  had  been  exhaufted,  and 
into  which  the  end  of  his  conductor  had  been 
inferted.  As  he  was  amufmg  himfelf  with 
obferving  the  beautiful  irradiations  of  the 
eledric  light  in  the  veffel,  it  immediately  oc¬ 
curred  to  him,  that,  being  fo  ftrongly  eledri- 
fied,  it  could  not  fail  to  give-  a  lhock  fimilar 
to  that  of  the  Leyden  phial,  and  without  any 
farther  refledion,  laying  one  hand  on  the  vef¬ 
fel,  and  bringing  the  other  to  the  condudor, 
his  conjedure  was  verified,  but  in  a  manner 
that  gave  him  more  pain  than  he  could  have 
wifhed.  The  blow  he  received  was  greater, 
he  fays,  than  he  ever  felt  from  the  Leyden 
experiment  in  any  other  form  j\ 

In  the  fame  place  he  obferves,  that  he 
never  confidered  the  water  in  the  phial  as  of 
any  life,  but  to  convey  the  eledric  matter  in¬ 
to  the  in  fide  of  the  glafs  ;  and  that  he  afcrib- 
ed  the  force  of  the  glafs  in  giving  a  fhock,  to 

*  Nollet’s  Lf9ons  de  Phylique,  p.  452.  Ac.  Par.  1746.  M. 
p,  5.  f  Recherches,  p.  426. 
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that  property  of  it,  whereby  it  retained  it 
more  ftrongly  than  condudors  do,  and  was 
not  fo  eafily  divefted  of  it  as  they  are.  The 
Abbe  alfo  gave  the  fhock  with  porcelain,  and 
obfervecl,  that  fome  perfons  were  much  more 
fenfible  to  it  than  others  in  whatever  part  of 
the  circuit  they  were  placed  A 

Mr.  Monnier  is  faid,  by  Mr.  BufFon,  to 
have  been  the  firft  who  difcovered  that  the 
Leyden  phial  would  retain  its  eledricity  a 
confiderable  time  after  it  was  charged,  and  to 
have  found  it  do  fo  for  thirty-fix  hours,  in 
time  of  froil.  He  frequently  electrified  his 
phial  at  home,  and  brought  it  in  his  hand, 
through  many  ftreets,  from  the  college  of 
Harcourt  to  his  apartments  in  the  King’s  gar¬ 
den,  without  any  confiderable  diminution  of 
its  efficacy  f. 

In  France  as  w’ell  as  in  Germany  experi¬ 
ments  were  made  to  try  how  many  perfons 
might  feel  the  fhock  of  the  fame  phial.  The 
Abbe  Nol let,  whofe  name  is  famous  in  elec¬ 
tricity,  gave  it  to  one  hundred  and  eighty  o? 
the  guards,  in  the  King’s  prefence  ;  and  at 
the  grand  convent  of  the  Carthufians  in 
Paris,  the  whole  community  formed  a  line  of 
nine  hundred  toifes,  by  means  of  iron  wires 
between  every  two  perfons  (which  far  exceed¬ 
ed  the  line  of  one  hundred  and  eighty  of  tfie 
guards)  and  the  whole  company  upon  the  difi- 
charge  of  the  phial,  gave  a  hidden  fpring,  at 

*  Ac.  Par.  1746,  M.  p.  u,  26. 
f  Phil.  Tranf,  abridged,  Vo],  x.  p.  333. 
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*  - 

the  fame  inftant  of  time,  and  all  felt  the 
fhock  equally  *. 

Mr.  Nollet  alfo  tried  the  effedt  of  the 
electric  fhock  upon  two  birds,  one  of  which 
was  a  fparrow,  and  the  other  a  chaffinch, 
which,  as  far  as  I  can  find,  were  the  firft 
brute  animals  of  any  kind  that  ever  received 
it.  The  confequence  was,  that  upon  the  firft 
Ihock,  they  were  both  inftantaneoufly  ftruck 
motionlefs,  and,  as  it  were,  lifelefs,  though 
fora  time  only;  for  they  recovered  fome  few 
minutes  after.  Upon  the  fecqnd  fhock,  the 
fparrow  was  ftruck  dead,  and,  upon  exami¬ 
nation,  was  found  livid  without,  as  if  it  had 
been  killed  with  a  flafih  of  lightning  ;  moft  of 
the  blood  veftels  in  the  body  being  burft  by  the 
fhock.  The  chaffinch  revived  as  before  f. 
Fifties  were  alfo  killed  with  the  electric  fhock, 
by  the  Abbe,  and  others. 

The  circumftance  of  the  blood  veftels  of 
the  fparrow  being  burft  is  pretty  fmgular.  I 
have  feen  no  fuch  effedt,  when  fmaller  ani¬ 
mals  have  been  killed  by  a  fhock  fifty  times 
as  great  as,  it  is  probable,  the  Abbe  ufed  up¬ 
on  this  occafion. 

The  Abbe  Nollet,  as  well  as  Mr.  Jallabert, 
mentions  the  burfting  of  glafs  veftels  by  the 
eledtric  explofion.  They  were  pierced,  he 
fays,  with  round  holes,  three  or  four  lines  in 
diameter  J. 

It  feems  that  the  French  philofophers,  as 
well  as  the  Englifh,  had  obferved,  that,  if  the 


*  Phil.  Tranf.  abridged,  Vol.  x.  p.  333.  t  Ibid  p.  336. 
Ac,  Par,  1746,  M.  p,  32.  I  Noliet’s  Lctties,  Vo),  i.  p.  42, 
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phial  flood  upon  glafs,  it  could  not  be  charg¬ 
ed,  except  a  perfon’s  hand,  or  forne  other 
non-eleftric  fubftance  were  brought  near  to  it. 
Upon  this  they  imagined  the  fire  ftreamed 
out  of  the  hand,  and  pafTed  through  the  fub¬ 
ftance  of  the  phial  into  the  water  This  fadt 
furprifed  them  very  much,  as  it  well  might. 
Mr.  Monnier  obferved,  that  a  light  body  would 
be  attraded  by  a  charged  phial,  as  it  flood 
upon  the  table,  and  produced  a  fpark  if  any 
perfon  touched  the  wire ;  but  that  the  light 
body  muft  be  fufpended  by  a  non-ele£tric  fub¬ 
ftance  7.  He  likewife  found,  that  when  the 
charged  phial  flood  upon  glafs,  it  might  be 
handled  with  all  fafety  Thefe  experi¬ 
ments  feem  not  to  have  been  made  with  pro¬ 
per  circumfpeCtion :  for  by  an  attention  to 
thefe  very  circumftances,  Dr.  Franklin  was 
afterwards  led  to  the  great  difcovery  of  the 
different  quality  of  the  eleCtricity,  on  different 
fides  of  the  glafs. 

*  Phil.  Tranf,  abridged,  Vol.  x.  p.  334, 

f  Ac.  Par.  1746,  M.  p.  684. 

■%  Phil.  Tranf.  abridged,  Vol.  x.  p.  337. 
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SECTION  II. 

The  METHODS  USED  BY  THE  FRENCH  AND' 
English  philosophers*  to  measure 

THE  DISTANCE  TO  WHICH  THE  ELEC¬ 
TRIC  SHOCK  CAN  BE  CARRIED*  AND  THE 
VELOCITY  WITH  WHICH  IT  PASSES* 

WE  are  now  come  to  an  ampler  field  of 
electrical  experiments,  in  which  we 
fhall  be  fpedators,  not  of  what  might  be  exhi¬ 
bited  in  a  private  room,  and  by  a  few  operators, 
but  where  we  fhall  find  an  amazing  apparatus 
neceffary,  and  a  great  number  of  affiftants  in 
the  management  of  it ;  as  well  as  the  greateft 
judgment,  and  the  moil  unwearied  patience 
in  the  conduCt  of  it. 

The  French  philofophers  were  the  firft  to 
appear  in  this  field,  but  they  excited  the 
Englifh  to  go  far  beyond  them  in  thefe  great 
undertakings*  It  has  been  faid  already,  that 
a  circuit  was  made  of  nine  hundred  toifes, 
confifting  of  men  holding  iron  wires  betwixt 
each  two,  through  which  the  eledric  fhock 
was  fenfibly  felt.  At  another  time,  they  made 
the  fhock  pafs  through  a  wire  two  thoufand 
toifes  in  length,  that  is  near  a  Paris  league, 
or  about  two  Englifh  miles  and  a  half ; 
though  part  of  the  wires  dragged  upon  wet 
grafs,  went  over  charrnil  hedges,  or  pali- 
fad.es,  and  over  ground  newly  ploughed  up> 
Into  another  chain  they  took  the  water  of  the 

bafon 
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bafon  in  the  Thuilleries,  the  furface  of  which 
was  about  an  acre,  and  the  phial  was  dif-* 
charged  through  it  *.  Mr.  Monnier,  who 
made  this  experiment,  mentioning  the  quan¬ 
tity  of  furface  in  the  bafon  of  water,  as  if  it 
was  of  confequence  to  the  experiment,  and 
faying  it  was  eledirijied,  (tho5  all  he  meant  by 
th  is  w^as,  that  it  received  and  tranfmitted  the 
eleClric  charge  f.)  Mr.  Gralath  made  feveral 
experiments,  wThich  prove,  that  bodies  which 
form  the  circuit  of  the  fhock  are  not  properly 
ele&rified 

Mr.  Monnier  the  younger,  alfo  endeav¬ 
oured  to  determine  the  velocity  of  the  electric 
matter  ;  and  for  this  purpofe,  made  the  fhock 
pals  through  an  iron  wire  of  nine  hundred 
and  fifty  toifes  in  length,  but  he  could  not 
obferve,  that  it  fpent  a  quarter  of  a  fecond  in 
paffing  it.  He  alfo  found,  that  when  a  wire 
of  one  thoufand  three  hundred  and  nineteen 
feet,  with  its  extremities  brought  near  to¬ 
gether,  was  electrified  ;  the  electricity  ceafed 
at  one  end,  the  moment  it  was  taken  off  at 
the  other.  This  fad  refuted  the  opinion  of 
thofe  who  maintained,  that  it  was  the  force 
of  the  eledrical  jhock ,  which  threw  the  elec¬ 
tric  matter  with  fo  great  velocity  §« 

Thefe  attempts  of  the  French  gave  occalion 
to  the  greater,  the  more  accurate,  and  the 
more  numerous  experiments  of  the  Engliflu 

*  Phil.  Tranf,  abridged,  Vol.  x.  p.  336. 

+  Ac.  Par.  1746.  M.  p.  67 S. 

t  Dantzick  Memoirs,  Vol.  iii,  p.  552. 

§  Ac.  Par.  1746,  M.  p.  686. 
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The  names  of  the  Englifh  gentlemen,  ani¬ 
mated  with  a  truly  philofophical  fpirit,  and 
who  were  indefatigable  in  this  bufinefs,  deferve 
to  be  tranfmitted  to  pofterity  in  every  work 
of  this  nature. 

The  principal  agent  in  this  great  fcene 
was  Dr.  Watfon.  He  planned  and  directed 
all  the  operations,  and  never  failed  to  be  pre- 
fent  at  every  experiment.  His  chief  affiftants 
were  Martin  Folkes,  Efq.  prefident  of  the 
Royal  Society,  Lord  Charles  Cavendifh,  Dr, 
Bevis,  Mr.  Graham,  Dr.  Birch,  Mr.  Peter  Da- 
val,  Mr.  Trembley,  Mr.  Ellicott,  Mr.  Robins, 
and  Mr.  Short.  Many  other  perfons,  and 
fome  of  diftinCtion,  gave  their  attendance  oc«* 
cafionally. 

Dr.  Watson,  who  wrote  the  liiftory  of 
their  proceedings,  in  order  to  lay  them  before 
the  Royal  Society,  begins  with  obferving  (what 
was  verified  in  all  their  experiments)  that  the 
eleCtric  fhock  is  not,  ftriCtly  fpeaking,  con¬ 
ducted  in  the  fhorteft  manner  poffible,  unlefs 
the  bodies  through  which  it  paffes  conduCt 
equally  well ;  for  that,  if  they  conduCt  un¬ 
equally,  the  circuit  is  always  formed  through 
the  bell:  conductors,  though  the  length  of  it 
be  ever  fo  great. 

The  firft  attempt  thefe  gentlemen  made, 
was  to  convey  the  eleCtric  flhock  acrofs  the 
river  Thames,  making  ufe  of  the  wrater  of  the 
river  for  one  part  of  the  chain  of  communica¬ 
tion  This  they  accompliihed  on  the  14th 
and  1 8th  of  July  1747,  by  fattening  a  wire 
all  along  Weftminfter  bridge,  at  a  confiderable 
6  height 
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height  above  the  water.  One  end  of  this 
wire  communicated  with  the  coating  of  a 
charged  phial,  the  other  being  held  by  an 
obferver,  who,  in  his  other  hand,  held  an 
iron  rod,  which  he  dipped  into  the  river.  On 
the  oppofite  fide  of  the  river,  flood  a  gentle-* 
man,  who,  likewife,  dipped  an  iron  rod  in 
the  river,  with  one  hand ;  and  in  the  other' 
held  a  wire,  the  extremity  of  which  might 
be  brought  into  contadl  with  the  wire  of  the 
phial. 

Upon  making  the  difcharge,  the  fhock  was 
felt  by  the  obfervers  on  both  fides  the  river* 
but  more  fenfibly  by  thofe  who  were  Ration¬ 
ed  on  the  fame  fide  with  the  machine;  part 
r  of  the  electric  fire  having  gone  from  the  wire 
down  the  moift  Rones  of  the  bridge,  thereby 
making  feveral  fhorter  circuits  to  the  phial ; 
but  ftill  all  paffing  through  the  gentlemen 
who  were  Rationed  on  the  fame  fide  with  the 
machine.  This  was*  in  a  manner,  demon- 
flrated  by  fome  perfons  feeling  a  fenfible 
fliock  in  their  arms  and  feet,  who  only  hap^ 
pened  to  touch  the  wire,  at  the  time  of  one  of 
the  difcharges,  when  they  were  handing  up¬ 
on  the  \tet  Reps  which  led  to  the  river.  In, 
one  of  the  difcharges  made  upon  this  occafion* 
fpirits  were  kindled  by  the  fire  which  had 
gone  through  the  river  *. 

Upon  this,  and  the  fuhfequent  occafions, 
the  gentlemen  made  ufe  of  wires,  in  pre^ 

♦Phil.  Tranf.  abridged,  Vol  x.  p  394. 
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ference  to  chains,  for  this,  among  other  rea- 
fons,  that  the  electricity  which  was  conduct¬ 
ed  by  chains  was  not  fo  ftrong,  as  that  which 
was  conducted  by  wires.  This,  as  they  well 
obferved,  was  occafioned  by  the  junctures  of 
the  links  not  being  fufficiently  clofe,  as  ap¬ 
peared  by  the  flapping  and  fiafhing  at  every 
juncture,  where  there  was  the  leaft  fepara- 
tion.  Thefe  leffer  fnappings,  being  numer¬ 
ous  in  the  whole  length  of  a  chain,  very 
fenfibly  lelfened  the  great  difcharge  at  the 
gun-faarreh 

Their  next  attempt  was  to  force  the  elec¬ 
trical  fhock  to  make  a  circuit  of  two  miles, 
at  the  New  River  at  Stoke  Newington.  This 
they  performed  on  the  24th  of  July  1747,  at 
two  places  ;  at  one  of  which  the  diftance  by 
land  was  eight  hundred  feet,  and  by  water 
two  thoufand :  in  the  other,  the  diftance  by 
land  was  two  thoufand  eight  hundred  feet,  and 
by  water  eight  thoufand.  The  difpofition  of 
the  apparatus  was  fimilar  to  what  they  before 
tiled  at  Weftminfter  bridge,  and  the  effeCt  an- 
fwered  their  utmoffc  expectations.  But,  as  in 
both  cafes,  the  obfervers  at  both  extremities 
of  the  chain,  which  terminated  in  the  water, 
felt  the  (hock,  as  well  when  they  flood  with 
their  rods  fixed  into  the  earth  twenty  feet 
from  the  water,  as  when  they  were  put  into 
the  river;  it  occafioned  a  doubt,  whether  the 
eleCtric  circuit  was  formed  through  the  wind¬ 
ings  of  the  river,  or  a  much  fhorter  way,  by 
the  ground  of  the  meadow :  for  the  experi¬ 
ment 
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ment  plainly  {hewed,  that  the  meadow- 
ground,  with  the  grabs  on  it,  conducted  the 
electricity  very  well. 

By  fubfequent  experiments,  they  were 
fully  convinced,  that  the  electricity  had  not, 
In  this  cafe,  been  conveyed  by  the  water  of 
the  river,  which  was  two  miles  in  length,  but 
by  land,  where  the  diflance  was  only  one 
mile  ;  in  which  fpace,  however,  the  eleCtric 
matter  muft  neceffarily  have  paffed  over  the 
New  River  twice,  have  gone  through  feveral 
gravels  pits,  and  a  large  ftubble  field  *. 

July  28th,  they  repeated  the  experiment, 
at  the  fame  place,  with  the  following  varia¬ 
tion  of  circumftances.  The  iron  wire  was,  in 
its  whole  length,  fupported  by  dry  flicks, 
and  the  obfervers  flood  upon  original  elec¬ 
trics  ;  the  effeCl  of  which  was,  that  they  felt 
the  fhock  much  more  fenfibly  than  when 
the  conducting  wire  had  lain  upon  the  ground, 
and  when  the  obfervers  had  likewife  flood 
upon  the  ground,  as  in  the  former  experi¬ 
ment. 

Afterwards,  every  thing  elfe  remain¬ 
ing  as  before,  the  obfervers  were  directed, 
inflead  of  dipping  their  rods  into  the  water, 
to  put  them  into  the  ground,  each  one  hun¬ 
dred  and  fifty  feet  from  the  water.  They 
were  both  fmartly  flruck,  though  they  were 
diflant  from  each  other  above  five  hundred 
feet  f. 

*  Phil.  Tranf.  abridged,  Vol.  x.  p.  360. 
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The  fame  gentlemen,  pleafed  with  the 
fuccefs  of  their  former  experiments  under¬ 
took  another 5  the  object  of  which  was,  to  de¬ 
termine,  whether  the  eledtric  virtue  could  be 
conveyed  through  dry  ground ;  and,  at  the 
fame  time,  to  carry  it  through  water  to  a 
greater  diftance  than  they  had  done  before, 
for  this  purpofe,  they  pitched  upon  High- 
bury-barn  beyond  Iflington,  where  they  car¬ 
ried  it  into  execution  on  the  5th  of  Auguft 
1747,  They  chofe  a  ftation  for  their  ma¬ 
chine,  almoft  equally  diftant  from  two  other 
ftations  for  obfervers  upon  the  New  River  ; 
which  were  fomewjiat  more  than  a  mile  afun* 
der  by  land,  and  two  miles  by  water.  They 
had  found  the  ftreets  of  London,  when  dry, 
to  condudt  very  ftrongly,  for  about  forty 
yarcjs  ;  and  the  dry  road  at  Newington  about 
the  fame  diftance.  The  event  of  this  trial 
anfwered  their  expectations.  The  eledtric 
fire  made  the  circuit  of  the  water,  when  both 
the  wires  and  the  obfervers  were  fupported 
upon  original  eledtrics,  and  the  rods  dipped 
into  the  river.  They  alfo  both  felt  the  fhock* 
when  one  of  the  obfervers  was  placed  in  a 
dry  gravelly  pit,  about  three  hundred  yards 
nearer  the  machine  than  the  former  ftation,, 
and  one  hundred  yards  diftant  froin  the  river  : 
from  which  the  gentlemen  were  fatisfied, 
that  the  dry  gravelly  ground  had  conducted 
the  electricity  as  ftrongly  as  water. 

From  the  fhocks  which  the  obfervers  re¬ 
ceived  in  their  bodies,  when  the  eledtric 
power  was  conducted  upon  dry  flicks,  they 

were 
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were  of  opinion,  that,  from  the  difference  of 
diflance  fimpiy  confidered,  the  force  of  the 
fhock,  as  far  as  they  had  yet  experienced, 
was  very  little,  if  at  all  impaired.  When  the 
obfervers  flood  upon  electrics,  and  touched 
the  water,  or  the  ground,  with  the  iron  rods, 
the  fhock  was  always  felt  in  their  arms  or 
wrifts  ;  when  they  flood  upon  the  ground 
with  their  iron  rods,  they  felt  the  fhock  in 
their  elbows,  wrifts,  and  ancles;  and  when 
they  flood  upon  the  ground  without  rods,  the 
fhock  was  always  felt  in  the  elbow  and  wrift 
of  that  hand  which  held  the  conducting  wire, 
and  in  both  ancles 

The  laft  attempt  of  this  kind  which  thefe 
gentlemen  made,  and  which  required  all  their 
fagacity  and  addrefs  in  the  conduCl  of  it,  was 
to  try  whether  the  electric  fhock  was  per- 
ceptible  at  twice  the  diflance  to  which  they 
had  before  carried  it,  in  ground  perfectly  dry, 
and  where  no  water  was  near  ;  and  alfo  to 
diftinguifh,  if  poffible,  the  refpeCtive  velocity 
of  electricity  and  found. 

For  this  purpofe,  they  fixed  upon  Shooter’s- 
hill,  and  made  their  firft  experiments  on  the 
14th  of  Auguft  174/5  a  time,  when,  as  it 
happened,  but  one  fhower  of  rain  had 
fallen  during  five  preceding  weeks.  The 
wire  communicating  with  the  iron  rod,  which 
made  the  difcharge,  was  fix  thoufand  feven 
hundred  and  thirty-two  feet  in  length,  and 
was  fupported  all  the  way  upon  baked  flicks  ; 

*  Philofophical  Tianfa&ions  abridged,  Voh  x.  p»  360. 
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as  was  alfo  the  wire  which  communicated 
with  the  coating  of  the  phial,  which  was 
three  thoufand  eight  hundred  and  fixty-eight 
feet  long,  and  the  obfervers  were  diftant  from 
each  other  two  miles.  The  refult  of  the  ex¬ 
plofion  demonilrated,  to  the  fatisfa<dion  of 
the  gentlemen  prefent,  that  the  circuit  per¬ 
formed  by  the  eledric  matter  was  four  miles, 
viz.  two  miles  of  wire,  and  two  of  dry 
ground,  the  fpace  between  the  extremities  of 
the  wires  ;  a  diftance  which,  without  trial, 
as  they  juftly  obferved,  was  too  great  to  be 
credited.  A  gun  was  difcharged  at  the  in- 
ftant  of  the  explofion,  and  the  obfervers  had 
flop  watches  in  their  hands,  to  note  the  mo¬ 
ment  when  they  felt  the  fhock :  but,  as  far  as 
they  could  diftinguifh,  the  time  in  which  the 
eledric  matter  performed  that  vaft  circuit  might 
have  been  inftantaneous  *. 

In  all  the  explofions  where  the  circuit  was 
made  of  confiderable  length,  it  was  obferved, 
that  though  the  phial  was  very  well  charged, 
yet  that  the  fnap  at  the  gun  barrel,  made  by 
the  explofion,  was  not  near  fo  loud  as  when 
the  circuit  wTas  formed  in  a  room ;  fo  that  a 
by-ftander,  fays  Dr.  Watfon,  though  verfed 
in  thofe  operations,  would  not  imagine,  from 
feeing  the  flafh,  and  hearing  the  report,  that 
the  ftroke,  at  the  extremity  of  the  conduding 
wire,  could  have  been  confiderable  ;  the  con¬ 
trary  whereof,  when  the  wires  were  properly 
pranaged,  he  fays,  always  happened. 

*  Phil.  Tranf.  abridged,  Vol.  x.  p.  363, 
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Still  the  gentlemen,  unwearied  in  theft 
purfuits,  were  defirous,  if  poffible,  to  after- 
tain  the  abfolute  velocity  of  ele&ricity  at  a 
certain  diftance  ;  becaufe  though,  in  the  laft 
experiment,  the  time  of  it’s  progrefs  was  cer¬ 
tainly  very  fmall,  if  any,  they  were  defirous 
of  knowing,  fmall  as  that  time  might  be, 
whether  it  was  meafureable,  and  Dr.  Watfon 
had  contrived  an  excellent  method  for  that 
purpofe. 

Accordingly,  on  the  5th  of  Auguft 
3748,  the  gentlemen  met  once  more,  and  the 
laft  time,  at  Shooter’s-hill;  when  it  was 
agreed  to  make  an  electric  circuit  of  two 
miles,  by  feveral  turnings  of  the  wire,  in  the 
fame  field.  The  middle  of  this  circuit,  they 
contrived  to  be  in  the  fame  room  with  the 
machine,  where  an  obferver  took  in  each 
hand  one  of  the  extremities  of  the  wires,  each 
of  which  was  a  mile  in  length.  In  this  ex¬ 
cellent  difpofition  of  the  apparatus,  in  which 
the  time  between  the  explofion  and  the  fhock 
might  have  been  obferved  to  the  greateft  ex- 
aCtnefs,  the  phial  was  difcharged  feveral  times; 
but  the  obferver  always  felt  himfelf  Ihocked 
at  the  very  inftant  of  making  the  explofion. 
Upon  this  the  gentlemen  were  fully  fatisfied, 
that  through  the  whole  length  of  this  wire, 
which  was  12276  feet,  the  velocity  of  the  elec¬ 
tric  matter  was  inftantaneous 

These  experiments  excited  the  admiration 
of  all  foreign  electricians.  Profeffor  Mufchen- 

*  Phil,  TranC  abridged,  Vol.  x.  p,  368. 
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broeck,  who  was  greatly  fatisfied  with  the 
extent  and  fuccefs  of  them,  faid,  in  a  letter  to 
Dr.  Watfon,  upon  the  oceafion,  Magnificen- 
tjfimis  tuis  experiment  is  fuperajii  conatus  om¬ 
nium . 

It  is  faid  by  fome,  that  the  laft  of  thefe 
experiments  go  upon  a  wrong  fuppofition, 
and  therefore  can  be  of  no  ufe ;  it  being  fup- 
pofed  that  the  very  fame  particles  of  the  elec¬ 
tric  fluid,  which  were  thrown  on  one  fide  of 
the  charged  glafs,  actually  made  the  whole 
circuit  of  the  intervening  conductors,  and  ar¬ 
rived  at  the  oppofite  fide :  whereas  Dr.  Frank¬ 
lin’s  theory  only  requires  that  the  deficiency 
on  one  fide  of  the  glafs  be  fupplied  from  the 
neighbouring  conductors ;  which  may,  in  re¬ 
turn,  receive  as  much  as  they  parted  with, 
from  the  fide  of  the  glafs  that  was  overcharg¬ 
ed.  So  that,  to  be  a  little  more  particular, 
the  redundancy  of  eleCtric  matter  on  the 
charged  fide  of  a  pane  of  glafs,  only  pafles 
into  the  bodies  wdiich  form  that  part  of  the 
circuit  which  is  contiguous  to  it,  driving  for¬ 
ward  that  part  of  the  fluid  which  was  natural 
to  them;  till,  at  length,  the  fluid  which  re- 
fided  in  thofe  conductors  which  formed  the 
laft  part  of  the  circuit,  pafles  into  the  ex- 
haufted  fide  of  the  glafs. 

But  fhould  this  be  the  cafe  (though  in  great 
difcharges  it  fuppofes  the  natural  quantity  of 
electricity  in  bodies  to  be  very  confiderable) 
and  fhould  Dr.  Watfon,  and  other  philofo- 
phers  at  that  time,  have  conceived  otherwife; 
it  does  not  follow/,  that  the  experiments  could 

poflibly 
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poflibly  determine  nothing:  for  there  ftill  re- 
mains  fomething  to  be  meafured*  viz.  the 
time  required  for  the  fucceffive  diflodging 
the  eledrie  fluid  in  the  whole  length  of  the 
circuit. 

Were  the  whole  mafs  of  the  ele&ric  mat¬ 
ter  contained  in  all  the  intervening  conductors 
abfoiutely  folid,  no  motion  could  be  made  at 
one  extremity*  without  producing  an  inftan- 
taneous  motion  at  the  other;  juft  as  if  one 
end  of  a  rod  be  ftruck*  the  motion  is  inftantly 
communicated  to  the  other  end.  But  this 
cannot  be  the  cafe  in  an  elaftic  medium*  the 
parts  of  which  yield  to  one  another.  In  this 
cafe,  the  motion  is  communicated  in  a  real 

•V 

fucceffion,  like  a  vibration,  running  the  whole 
length  of  the  circuit ;  which  mult  therefore 
take  up  time,  and  be  meafurable.  The  mo¬ 
tion  of  found  may  be  meafured,  though  no 
particle  of  the  vibrating  air  be  finally  difplac- 
ed.  Thefe  great  experiments  of  Dr.  Watfon* 
therefore,  had  a  real  objedt,  only  it  appeared 
Iq  be  too  fmall  to  be  afcertained  by  them. 
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SECTION  III 

Miscellaneous  discoveries  of  Dr. 

WATSON,  AND  OTHERS,  BEFORE  THE 

time  of  Dr,.  FRANKLIN. 

H  E  firft  of  thefe  difcoveries  in  order 

j  of  time,  and  in  importance  fecond  to 
none  (except  that  of  the  fhock  itfelf,  and  Dr. 
Franklin’s  difcovery  of  the  different  eledtricitv 
of  the  oppofite  fides  of  the  charged  glafs)  was 
that  of  Dr.  Watfon,  proving,  that  the  glafs 
tubes  and  globes  did  not  contain  the  eledtric 
power  in  themfelves,  but  only  ferved  as  firft 
mover and  determiners ,  as  he  calls  it,  of  that 
power. 

He  was  firft  led  to  this  difcovery  by  ob- 
ferving,  that,  upon  rubbing  the  glafs  tube, 
while  he  was  ftanding  upon  cakes  of  wax  (in 
order,  as  he  expedited,  to  prevent  any  of  the 
eledtric  power  from  difcharging  itfelf  through 
his  body  upon  the  floor)  the  power  was,  con¬ 
trary  to  his  expedition,  fo  much  leffened, 
that  no  fnapping  could  be  obferved  upon  an¬ 
other  perfon’s  touching  any  part  of  his  body  ; 
but  that  if  a  perfon  not  eledtrified  held  his 
hand  near  the  tube,  while  it  was  rubbed,  the 
fnapping  was  very  fenfible  *. 

The  event  was  the  fame  when  the  globe 
was  whirled  in  fimilar  circurnftances.  For  if 
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the  man  who  turned  the  wheel,  and  who,  to¬ 
gether  with  the  machine  was  iufpended  upon 
iilk,  touched  the  floor  with  one  foot,  the 
eleCtric  fire  appeared  upon  the  conductor ;  but 
if  he  kept  himfelf  free  from  any  communica¬ 
tion  with  the  floor,  no  fire  was  produced. 

Dr.  Watson  by  this,  and  the  following 
experiments  in  conjunction,  difcovered,  what 
he  calls,  the  complete  circulation  of  the  elec¬ 
tric  matter.  He  obferved,  that  only  a  fpark 
or  two  would  iflue  from  his  hand  to  the  in¬ 
fill  at  ed  machine,  unlefs  he,  at  the  fame  time, 
formed  a  communication  between  the  con¬ 
ductor  and  the  floor ;  but  that  then  there  was 
a  conftant  and  copious  flux  of  the  ele&ric 
matter  to  the  machine. 

Observing,  that  while  his  hand  was  in 
contaCt  with  the  conductor,  the  man  who 
turned  this  infulated  machine  gave  fparks, 
which  would  fire  inflammable  fubftances,  and 
perform  other  eleCtrical  experiments  which 
were  ufually  performed  at  the  conductor;  he 
naturally  imagined,  that  the  fire  iflued  from 
the  man,  for  the  very  fame  reafon  that  all 
electricians  had  before  imagined  that  it  came 
from  the  conductor;  and  feeing  that  the  man 
gave  no  fire  unlefs  there  was  a  communica¬ 
tion  between  the  floor  and  the  conductor,  he 
concluded  that,  in  this  cafe,  the  fire  was  fup- 
plied  by  that  communication,  fo  that  the 
courfe  of  the  electricity  was  inverted,  as  he 
expreffes  it  *. 


*  Phil.  Tranf.  abridged,  VoL  x.  p  305. 
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It  was  not  then  fufpedted,  that  the  eye 
could  not  diftinguifh  in  what  direction  an 
eledtric  fpark  proceeds.  Electricians  natu¬ 
rally  imagined  that  all  eledtric  powers,  and 
confequently  the  eledtric  fluid,  which  they 
fuppofed  to  be  the  caufe  of  thefe  powers, 
exifted  in  the  excited  eledtric,  whatever  it 
was;  and  that  whatever  powers  were  exerted 
by  elefl rifled  bodies,  proceeded  from  a  real 
communication  of  eledtric  matter  to  them. 
Accordingly,  when  Dr.  Watfon  found  that, 
by  cutting  off  the  communication  of  the  elec¬ 
tric  with  the  floor,  all  eledtrical  operations 
were  flopped,  he  concluded,  that  the  eledtric 
fluid  was  colledted  from  the  floor  to  the  rub¬ 
ber,  and  thence  conveyed  to  the  globe.  For 
the  fame  reafon,  feeing  the  rubber,  or  the 
man  who  had  a  communication  with  it,  give 
no  fparks  but  when  the  condudtor  was  con¬ 
nected  with  the  floor,  he  would  as  naturally 
conclude  that  the  globe  was  fupplied  from  the 
condudtor,  as  he  had  before  concluded  that  it 
was  fupplied  from  the  rubber. 

Comparing  both  thefe  experiments  to¬ 
gether,  Dr.  Watfon  was  led  to  infer,  that,  in 
all  eledtrical  operations,  there  was  both  an 
afflux  of  eledtric  matter  tp  the  globe,  and  the 
condudtor,  and  like-wife  an  efflux  of  the  fame 
electric  matter  from  them  *. 

Finding  that  a  piece  of  leaf  fiver  was  fuf- 
pcnded  between  a  plate  eledtrified  by  the  con-* 
dudtor,  and  another  communicating  with  the 

*  Phil.  Tranf.  abridged,  Vo),  x,  p.  31 1. 
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floor,  he  reafons  from  it  in  the  following 
manner.  44  No  body  can  be  fufpended  in 
‘4  equilibrio  but  by  the  joint  ad  ion  of  two 
44  different  diredions  of  power :  fo  here,  the 
44  blaft  of  electric  ether  from  the  excited 
44  plate  blows  the  filver  towards  the  plate  un- 
4J  excited,  and  this  laft,  in  its  turn,  by  the 
44  blaft  of  eledric  ether  from  the  floor  fetting 
44  through  it,  drives  the  filver  towards  the 
44  plate  eledrified.  We  find  from  hence, 

4‘  likewife,  that  the  draught  of  eledric  ether 
4c  from  the  floor  is  always  in  proportion  to 
44  the  quantity  thrown  by  the  globe  over  the 
44  gun  barrel,  or  the  equilibrium  by  which 
44  the  filver  is  fufpended  could  not  be  main- 
44  tained*.’* 

Dr.  Watson  obferves,  that  the  Abbe 
Nollet,  two  years  before  he  made  this  com¬ 
munication,  had  given  it  as  his  opinion 
(though  without  any  experiment  wThich  prov¬ 
ed  it)  that  the  eledric  matter  did  not  only 
proceed  from  the  eledrified  bodies,  but  from 
all  others  about  them,  to  a  certain  diftance  j\ 
Some  time  after  this,  Dr.  Watfon  obferves, 
in  a  paper  read  at  the  Royal  Society,  Janu¬ 
ary  2 1 ft,  1748,  that  Dr.  Bevis  had  carried 
his  experiment,  to  prove  that  rubbing  the 
tube  or  the  globe,  only  conveyed,  and  did 
not  produce  the  eledric  matter,  farther  than 
he  had  done.  For  he  had  obferved,  above  a 
year  before,  that  placing  one  man  upon  elec¬ 
trics,  to  rub  the  tube  or  globe,  and  another 

*  Phil.  Tranf.  abridged,  Vol.  x,  p.  310. 
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alfo  upon  electrics  to  touch  them,  as  the  con-* 
duCtor ;  both  the  man  who  rubbed,  and  the 
man  who  touched  the  excited  glafs  would 
give  a  fpark ;  and  farther,  that  if  they  touch¬ 
ed  one  another,  the  fnapping  was  much 
greater  than  if  either  of  them  touched  a  perfon 
Handing  upon  the  floor.  Upon  this  the  Doc¬ 
tor  feems  to  have  corrected  his  former  opi¬ 
nion  of  the  afflux  and  efflux  of  eleCiric  mat¬ 
ter  :  for  he  accounts  for  this  faCt  by  fuppof- 
ing,  that  as  much  eleCtrieity  as  was  taken 
from  the  perfon  rubbing  was  given  to  him 
who  touched  the  conductor,  being  conveyed 
by  the  globe.  By  this  means  the  electricity 
of  the  former  of  thefe  perfons,  he  obferves, 
was  more  rare  than  it  naturally  was,  and  that 
of  the  latter  more  denfe ;  fo  that  the  denfity 
of  electricity  between  thefe  two  perfons  differ¬ 
ed  more  than  that  between  either  of  them, 
and  another  perfon  Handing  upon  the  floor. 
In  this  manner  did  Dr.  Wat fon  difcover,  what 
Dr.  Franklin  obferved,  about  the  fame  time, 
in  America,  and  called  the  plus  and  minus  in 
electricity 

Dr.  Watson  obferved  that  the  flame  at 
the  end  of  an  electrified  wire  was  fenfible  to 
the  hand,  as  a  cool  blaft  of  wind,  and  that 
when  light  fubflances  were  attracted  and  re¬ 
pelled  between  an  electrified  plate  and  one 
communicating  with  the  floor,  the  fucceflion 
of  thefe  alternate  attractions  and  repulfions 
was  extremely  quick,  fo  that  fometimes  the 

•  Phil.  Tranf.  abridged,  Vol.  x.  p.  369. 
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eye  could  hardly  keep  pace  with  it;  and  that 
when  a  glafs  globe,  of  about  an  inch  in  dia¬ 
meter,  very  light  and  finely  blown,  was  put 
upon  a  plate  of  metal,  and  another  plate 
hung  on  the  conductor  over  it,  the  ftrokes 
from  the  alternate  attractions  and  repul fions 
were  aim  oft  too  quick  for  the  ear.  From 
this  laft  experiment  he  likewife  deduced  an 
argument  to  prove  the  extreme  velocity  with 
which  thefe  glafs  globes  were  attracted  and  re™ 
pelled.  He  fays,  that  if  they  were  let  fall  from 
the  height  of  fix  feet  or  more  upon  a  wooden 
floor,  or  even  a  plate  of  metal,  they  were 
rarely  broken;  but  that  by  the  attraction  and 
repulfion  of  them  between  thefe  plates,  though 
at  the  diflance  of  no  more  than  one  fixth  of 
an  inch,  they  were  frequently  beaten  to  pieces  ** 
The  DoCtor  alfo  proved,  that  the  eleCtric 
matter  paffed  through  the  fubftances  of  the 
metal  of  communication,  and  not  over  the 
furface  of  it,  by  covering  a  wire  with  a  mix¬ 
ture  of  wax  and  rofin,  and  difcharging  a  phial 
through  it* 

I  must  here  obferve,  that  Mr,  Mon- 
niCr  the  younger  difcoverecl,  that  electri¬ 
city  is  not  communicated  to  homogeneous 
bodies  in  proportion  to  their  mafles  or 
quantity  of  matter,  but  rather  in  propor¬ 
tion  to  their  furfaces ;  and  yet  that  all  equal 
furfaces  do  not  receive  equal  quantities  of 
electricity,  but  that  thofe  receive  the  moft 
which  are  moft  extended  in  length ;  that  a 

*  Phil.  Tranf.  abridged,  VcL  x.  p.  309, 
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fquare  fheet  of  lead,  for  inftance,  received  a 
much  lefs  quantity  of  electricity  than  a  final! 
ftrip  of  the  fame  metal  with  a  furface  equal  to 
that  of  a  fquare  fheet 

Mr.  Wilson,  whofe  curious  obfervations 
on  the  Leyden  phial  have  been  mentioned  in 
a  former  feCtion,  claims  no  fmall  fhare  of 
honour  in  this.  As  early  as  the  latter  end  of 
the  year  1746,  he  made  the  fame  difcovery 
that  Dr.  Watfon  had  done,  viz.  that  the  eleftric 
fluid  did  not  come  from  the  globe,  but  from 
the  earth  itfelf,  and  from  all  other  non-ele£tric 
bodies  about  the  apparatus.  He  fuggefted  a 
method  of  proving  this  in  a  letter  to  Mr.  Elli- 
cott  from  Chefter  ;  and  mentions  his  having 
completed  the  experiment  himfelf  foon  after, 
in  a  letter  to  Mr.  Smeaton,  from  Dublin. 

Having  conceived  that  the  difference  be- 
tween  eledtric  and  non-eledtric  bodies  was 
owing  to  the  different  refiftance  which  a 
jubtle  medium ,  as  he  calls  it,  on  the  furfaces 
of  all  bodies  gave  to  the  paffage  of  the  elec¬ 
tric  fluid ;  and  conceiving  that  heat  would 
rarify  this  medium,  and  thereby  convert  elec¬ 
trics  into  non-eleCtrics,  he  made  fome  expe¬ 
riments  which  confirmed  him  in  that  fuppo- 
fition.  Fie  found  that  one  perfon  might  com¬ 
municate  electricity  to  another,  notwith- 
handing  the  intervention  of  a  conflderable 
quantity  of  red-hot  glafs.  Fie  alfo  made  other 
experiments  of  a  fimilar  nature,  as  difeharg- 
ing  phials  by  means  of  hot  glafs,  hot  amber, 

*  Phil.  Tranf.  abridged,  Vol.x.  p.338. 
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and  various  other  heated  eledrics.  Thefe, 
however,  as  Mr.  Canton  afterwards  obferv- 
ed,  might  be  owing  to  the  hot  air  upon  the 
furfaces  of  thofe  bodies,  which  he  found  to 
tranfmit  eledricity  very  well.  But  another 
experiment,  which  Mr.  Wilfon  made  upon 
melted  rofin,  does  not  feem  liable  to  that  ob- 
jedion.  He  poured  the  melted  rofin  into  a 
phial,  and  found  that  he  could  give  {hocks 
with  it ;  but  he  obferved,  that  thefe  (hocks 
diminifhed  as  the  rofin  grew  cold,  and  that 
when  it  was  quite  cold,  they  entirely  ceafed  L 
Mr.  Wilson  mentions  a  curious  experi¬ 
ment  (of  which,  however,  he  does  not  fay 
that  he  was  the  inventor)  which  he  made  with 
paper  vanes  hack  in  a  cork,  and  fufpended  by 
a  magnet.  Thefe,  he  fays,  if  they  were 
brought  near  the  point  of  any  body  proceed¬ 
ing  from  the  prime  conductor,  would  turn 
round  very  fwiftly,  but  would  not  turn  at  all 
in  vacuo.  This  blaft  he  thought  was  occa- 
fioned  by  the  iffliing  of  the  eledric  matter 
out  of  the  point,  which  caufed  a  current  in 
the  air;  but  he  did  not  try  what  would  be 
the  confequence  of  prefenting  the  vanes  to  a 
point  which  received  the  eledlric  fluid  f . 

Lastly,  Mr.  Wilfon  obferved,  that  if  a 
needle  were  prefented  to  a  piece  of  down 
hanging  to  the  condudor,  it  would  cling 
clofe  to  it ;  but  that,  upon  prefenting  any 
thing  that  was  blunt,  it  would  be  repelled 
again;  and  fays  that  Mr.  Canton  made 

*  Wilfon’s  Effay,  p,  143. 
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feveral  curious  experiments  of  the  fame 
kind 

Mr.  Smeaton,  within  this  period,  ob¬ 
ferved,  that  if  a  man  who  was  infulated  preff- 
ed  againft  the  globe  with  the  flat  part  of  his 
hand,  while  another  perfon,  handing  on  the 
floor,  did  the  fame,  in  order  to  excite  it,  the 
perfon  who  was  infulated  would  hardly  be 
electrified  at  all;  but  that,  if  he  only  laid  his 
fingers  lightly  on  the  globe,  he  would  be 
ele'drified  very  ftrongly  *j\  The  fame  ingeni¬ 
ous  perfon  alfo  obferved,  that  upon  heating 
the  middle  of  a  large  bar  of  iron  to  a  glowing 
heat,  and  electrifying  it,  the  eledric  power  of 
the  part  that  was  heated  was  as  ftrong  as  that 
of  the  cold  part 

For  feveral  curious  difcoveries  relating  to 
eleCtricity,  made  within  this  period,  we 
are  indebted  to  Dr.  Miles.  In  a  paper 
read  at  the  Royal  Society,  January  25th, 
3746,  he  fays,  that  having  excited  a  flick 
of  black  fealing-wax  with  white  and  brown 
paper,  or  clean  dried  flannel,  he  was  able 
to  kindle  common  lamp-Jpirits  with  it.  Com¬ 
paring  the  flick  of  wax  with  the  glafs  tube, 
he  obferved  a  remarkable  difference  between 
the  appearance  of  fire  from  both,  though  he 
did  not  underhand  the  reafon  of  it.  He  fays 
he  found  the  luminous  effluvia  to  proceed  in 
a  much  greater  quantity  from  the  top  of  his 
finger  to  the  flick  of  wax,  than  they  did  to 
the  glafs.  He  feveral  times  obferved.  a  final! 

*  Wilfon’s  EiTay,  p.  3 41 .  f  Ibid.,  p.  *53. 
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globular  fpot  of  fire  to  appear  firft  on  his  fin¬ 
ger,  from  which  iffued  regular  ft  reams  to¬ 
wards  the  wax,  in  the  form  of  a  comet’s  tail. 
This  is  now  well  known  to  be  the  conftant 
appearance  of  the  electric  fire  between  an  un- 
cledrified  body  and  an  electric  excited  ne¬ 
gatively  ** 

Dr  Miles  found  a  ftick  of  fulphur  to  per¬ 
form  very  well;  but  not  at  all,  when  he  had 
put  an  iron  rammer  in  the  center  of  it,  to 
(Lengthen  it.  It  is  remarkable,  that  after 
fetting  this  ftick  upright  in  a  cupboard,  it  loft 
all  its  eleftric  virtue,  and  could  never  after¬ 
wards  be  excited  in  the  leaft  degree.  This  ef¬ 
fect;  the  Doctor  attributed  to  its  being  put  up 
without  any  cover. 

Dr.  Miles  alfo  mentions  his  having  got  a 
a  tube  of  green  glafs,  which  he  could  never 
excite  but  with  great  difficulty,  and  then  but 
to  a  fmall  degree  *j\ 

The  fame  ingenious  gentleman,  fome  time 
after,  made  an  experiment  upon  pieces  of  leaf 
brafs  in  a  bottle  hermetically  (baled.  To  thefe 
he  found  he  could  give  motion  by  the  ap¬ 
proach  of  the  excited  tube,  in  the  fame  man¬ 
ner  as  if  they  had  been  in  the  open  air  ;  but 
one  appearance  ftruck  him,  of  which  he  by 
no  means- gives  a  fatisfadlory  account.  He 
obferved  that  when  he  removed  the  tube  from 
the  exhaufted  glafs  flowly,  no  commotion  was 
feen  in  the  leaf  brafs,  but  a  very  bulk  one 

»  t 

*  Wilton's  Eft’ay,  p.  317. 
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upon  removing  it  fuddenly.  Indeed  this  fad 
could  not  have  been  imderftood  but  by  com¬ 
paring  it  with  other  fads  depending  upon  the 
fame  principle,  and  which  were  not  difcover- 
ed  till  fome  years  after 

From  England,  to  which,  as  an  Englifh- 
man,  I  would  give  the  preference  only  in 
matters  of  abfolute  indifference,  I  pafs  over 
to  France,  where,  next  to  thofe  made  in 
England,  the  moft  important  difcoveries,  and 
greateft  number  of  them  were  made  in  the  pe¬ 
riod  of  which  I  am  treating.  And,  without 
all  difpute,  the  greateft  name  in  France,  in 
this  or  any  other  period,  except  that  of  Mr. 
Du  Fay,  his  friend  and  aflociate,  is  that  of 
the  Abbe  Nollet. 

The  favourite  obfervation  of  Mr.  Nollet, 
on  which  he  built  his  darling  theory  of  afflu¬ 
ences  and  effluences  was,  that  bodies  not  in- 
fulated,  plunged  in  eledric  atmofpheres, 
fhewed  figns  of  eledricity.  He  obferved  a 
fenfible  blaft  from  the  hand  of  a  perfon  not 
eledrified,  in  the  above  mentioned  circum- 
ftances,  alfo  the  attraction  and  repuliion  of 
light  bodies  by  them,  the  appearance  of 
flame,  the  diminution  of  their  weight  by  in- 
creafed  evaporation  and  perfpiration,  and  al- 
rnoft  every  other  appearanc  and  effed  of  elec¬ 
tricity.  Moreover  obferving  that  his  globe 
contraded  a  foulnefs  while  it  was  whirling, 
even  when  rubbed  with  a  clean  hand,  he  had 

the  curiofity  to  colled  a  quantity  of  the  mat- 

! 

*  Phil-.  Tranf,  abridged,  Vo-1,  x,  p.  326. 
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ter  which  formed  that  foulnefs ;  and  finding 
that,  when  it  was  put  into  the  fire,  it  had  the 
fmell  of  burnt  hair,  he  concluded  that  it  was 
an  animal  fubftance  ;  and  that  it  had  been  car¬ 
ried  by  the  affluent  electricity  from  his  own 
body  to  the  globe  *. 

The  only  miftake  of  this  ingenious  philo- 
fopher  in  thefe  experiments,  and  which  was 
the  fource  of  many  others,  which,  in  the 
end,  greatly  bewildered  and  perplexed  him, 
was,  that  the  electricity  of  the  body,  which 
was  plunged  in  the  atmofphere  of  an  electri¬ 
fied  body,  was  of  the  fame  nature  with  that 
of  the  electrified  body.  Had  he  but  preferv- 
ed  the  diftinCtion,  which  Mr.  Du  Fay  had 
difcovered,  between  the  two  electricities,  and 
imagined  that  the  body  electrified,  and  that 
which  was  plunged  in  its  atmofphere  were 
poffeffed  of  thefe  two  different  and  oppofite 
electricities,  he  might  have  been  led  to  the 
great  difcoveries  made  by  Mr.  Canton,  Dr. 
Franklin,  and  Mr.  Wilcke ;  which,  we  fhall 
find,  arofe  from  that  fingle  obfervation ;  and 
he  would  have  avoided  a  great  deal  of  debate 
and  contention,  which  has  not  ended  to  his 
advantage. 

This  partial  di leave ry  of  Mr.  Nollet  is  by 
no  means  the  only  one  of  his,  that  the  hiffory 
of  eleClricity  prefents  in  this  period.  Fie 
made  feverai  experiments  on  pointed  bodies., 
and  obferved,  that  thofe  which  had  the 
fmalleft  points  fooneft  threw  out  brufhes  of 

*  Nolle-US  Recherches,  p.  i^z. 
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eledric  light,  but  did  not  fhow  other  figns 
of  eledricity  fo  ftrong  as  bodies  that  were  not 
pointed  *. 

He  took  a  great  deal  of  pains  in  making 
experiments,  in  order  to  determine  the  degree 
in  which  different  fubftances  conducted  the 
eledtric  fluid ;  and  found  that  the  fmoke  of 
gum  lac,  turpentine,  karabe,  and  fulphur  did 
not  carry  away  the  eledricity  of  an  excited 
tube  fo  foon  as  the  fmoke  of  linen,  w  ood,  and 
more  efpecially  the  ftearn  of  w~ater,  and  the 
effluvia  of  burning  tallow,  and  of  other  fatty 
fubftances.  in  fliort,  he  found,  that  vapours 
which  were  not  watery  did  very  little,  or  no 
injury  to  eled rival  experiments,  provided  the 
tube  was  not  expofed  to  them  near  the  fire 
which  caufed  them.  A  fmoky  room  did  not 
prevent  his  performing  experiments,  at  leaf! 
in  any  great  degree  ;  nor  were  odoriferous 
effluvia  at  .all  prejudicial  to  them  *jv 

Several  curious  obfervations  were  made 
by  the  Abbe  upon  heat,  and  heated  bodies. 
He  found,  that  a  piece  of  iron  glowing  hot, 
fo  as  to  throw  off  ignited  particles,  did  not 
leave  the  fmalleft  trace  of  eledricity  in  an  ex¬ 
cited  tube,  to  which  it  had  been  brought  with¬ 
in  five  or  fix  inches,  and  only  held  there  two 
or  three  feconds;  but  it  ceafed  to  affeft  the 
tube  at  the  fame  diftance  before  it  ceafed  to  be 
red,  and  had  no  influence  at  all  long  before 
it  was  cold.  The  eledricity  of  the  tube,  in 
this  inflance,  was  probably  conveyed  through 
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the  air  heated  by  the  iron ;  as  it  can  hardly 
be  fuppofed,  that  the  iron  emitted  any  effluvia 
capable  of  producing  that  effect 

He  found  that  the  excited  tube  loft  nothing 
of  its  electricity  in  the  focus  of  a  burning 
mirror.  That  the  flame  of  a  candle,  or  the 
near  approach  of  it,  would  deftroy  electricity 
had  been  known  before :  he  obferved,  that 
the  flame  was  fenhbly  difturbed  by  the  ap¬ 
proach  of  the  excited  tube,  and  he  mentions 
Mr.  Du  Tour,  and  the  Abbe  Needham’s  hav¬ 
ing  found,  that  the  interpofition  of  the 
thinneft  piece  of  glafs,  or  of  any  other  fub- 
ftance,  between  the  candle  and  the  tube  pre¬ 
vented  the  diffipation  of  the  eledlricity.  From 
this  faCt  it  was  inferred,  that  the  diffipation 
was  owing  to  fome  effluvia  proceeding  from 
the  candle  f. 

Continuing  his  obfenntions  on  what 
increafed  or  impeded  eleCtrical  experiments, 
he  found,  that  a  light  body,  placed  on  a 
non-eleCtric  hand,  moved  more  brifldy  upon 
the  approach  of  an  electrified  body,  than 
when  it  was  placed  upon  an  elecrric  ftand 
Several  eleCtrical  experiments,  he  obferved, 
fucceeaed  beft  when  there  was  a  number  of 
fpeCtators  prefent,  and  when  they  drew  near, 
and  flood  clofe  together  to  fee  his  experi¬ 
ments  ;  provided  they  did  not  occafion  fo 
great  a  perfpiration  as  made  his  giaffes  moift  §. 
This  observation  we  fhall  find  accounted  for 
hereafter  by  Mr,  Wiicke. 

% 

*  Recherches,  p.  216,  f  Ibid.  p.  219, 
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The  Abbe  moiftened,  with  water  or  fpirit 
of  wine,  a  {lender  and  pointed  bar  of  iron, 
and  thought  that  the  blaft  from  the  point  of 
it  was  more  fenfible  than  wThen  it  was  not 
moiftened  ;  which  he  attributed  to  the  elec¬ 
tric  fluid  carrying  away  with  it  fome  of  the 
particles  of  the  water,  and  of  the  fpirit  of 
wine  *. 

Some  few  obfervations  the  Abbe  made  on 
the  difference  between  excited  and  communi¬ 
cated  electricity,  and  between  the  ele&ricity 
of  glafs  and  that  of  fulphur.  He  obferved, 
that  the  electricity  of  an  excited  globe  or  tube, 
caufed  an  odd  fenfation  upon  the  face,  as  if  a 
fpider’s  web  were  drawn  over  it ;  whereas  that 
effect  was  feldom  produced  by  communicated 
electricity.  Excited  electricity,  he  alfo  fays, 
might  be  perceived  by  the  fmeil,  at  more  than 
a  foot  diitance,  when  communicated  electri¬ 
city  could  not  f. 

He  melted  fulphur  in  a  glafs  globe,  by 
turning  it  over  a  chafing  dilh  of  burning 
coals;  when  he  obferved,  that  fmall  pieces 
of  fulphur,  before  they  were  melted,  were  at¬ 
tracted  and  repelled  by  the  glafs  within,  at 
the  lame  time  that  the  allies  of  the  coals  were 
attracted  without  Holding  a  piece  of  ex¬ 
cited  fulphur  in  one  hand,  with  a  piece  of 
down  flicking  to  it,  and  ready  to  fly  off,  the 
down,  he  fays,  would  cling  fall  to  the  fulphur, 
upon  prefenting  to  it  an  excited  glafs,  tube, 
which  he  held  in  his  other  hand  §. 

*  Recherche®,  p.  140.  +  Ibid.  p.  1 36. 
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I  shall,  in  the  laft  place,  recite  the  Abbe 
Nollet’s  experiments  made  in  vacuo.  He 
found  that  glafs,  and  other  eleCtrics,  might 
be  excited  in  vacuo,  but  not  fo  ftrongly  as  in 
the  open  air  *.  He  obferved  that  there  was  a 
remarkable  difference  between  the  appearance 
of  the  eleCtric  light  in  vacuo,  and  in  the  open 
air ;  being  much  more  diiTufe,  and  unbroken 
in  vacuo  j\  Inferting  the  extremity  of  his 
conductor  into  an  exhaufted  glafs  veffel,  he 
obferved  the  veffel  to  be  full  of  light,  when¬ 
ever  he  brought  his  hand  to  it ;  that  the  light 
was  considerably  increafed  when  he  fpreadhis 
hand  over  it ;  and  that  when  a  fpark  was 
taken  from  the  conductor,  the  whole  veffel 
feemed  to  be  full  of  light*  He  alfo  obferv¬ 
ed,  that  final  1  pieces  of  metal,  inclofed  in  the 
veffel,  adhered  clofe  to  the  glafs ;  but  de¬ 
tached  themfelves  from  it,  on  the  approach 
of  the  finger,  or  of  any  conductor  on  the 
outbid  e. 

M  Monnier  attempted,  in  an  ingenious 
method,  to  be  certain  whether  the  quantity 
of  electricity  communicated  to  a  body  was  in 
proportion  to  its  folid  or  fuperficial  contents. 
He  firft  found  that  an  anvil  which  weighed 
two  hundred  pounds,  gave  but  an  inconfider- 
able  fpark,  while  the  fpark  from  a  fpealdng- 
tr umpet  of  tin,  which  weighed  but  ten 
pounds,  but  was  eight  or  nine  feet  long, 
was  almoft  equal  to  the  fhock  of  the  Leyden 
phial.  He  then  obferved,  that  a  ball  of 

*  Recherches,  p.  236.  t  Ibid,  p,  243. 
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lead  four  inches  in  diameter,  gave  a  fpark  of 
the  fame  force  with  another  from  a  thin  piece 
of  lead  of  the  fame  fuperficies,  in  the  form  of 
a  hoop.  And,  laftly,  he  took  a  thin  and  long 
piece  of  lead,  and  obferved,  that  when  it  was 
electrified  in  its  whole  length,  it  gave  a  very 
ftrong  fpark,  but  a  very  fmall  one  when  it 
was  rolled  into  a  lump.  Rut,  becaufe  a  fquare 
piece  of  lead  did  not  give  a  fpark  equal  to 
one  from  a  piece  of  the  fame  quantity  of  fur- 
face,  but  of  greater  length,  he  concluded 
that,  though  electrification  is  ftronger  in  pro¬ 
portion  to  the  furfaces  of  eleftrihed  bodies, 
yet  that,  of  equal  furfaces,  that  which  is 
drawn  out  to  the  greateft  length  will  have  the 
advantage  A 

There  are  a  few  other  names  of  electrici¬ 
ans  in  France,  whofe  experiments  and  ob- 
fervations,  made  within  this  period,  deferve 
to  be  mentioned.  Of  thefe  is  Mr.  Boulanger. 
He  took  great  pains  to  determine  the  degree 
in  which  different  fub fiances  are  capable  of 
being  excited.  The  experiments,  he  fays, 
were  made  with  the  greateft  care  :  .and  though 
the  ftate  of  the  fcience  did  not  admit  of  this 
bufinefs  being  determined  with  greater  accu¬ 
racy,  it  may  not  be  difagreeable  to  fee  the  re- 
fult  of  them  ;  which  he  has  comprifed  in  the 
following  table,  beginning  with  thofe  that  are 
leaft  excitable  in  every  column. 

#  Ac.  Par.  1 74 6,  M.  p.  693. 
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•  First  Column. 

Ebony. 

Guiacum. 

Box  wood. 

Sandal  wood. 

Oak. 

Elm. 

Afh. 

Linden  tree, 

Rofe. 

Willow. 

Ozier. 

Cork. 

Dry  wood  of  all  kinds. 
All  dry  plants. 

Second  Column. 

Shells  of  all  kinds. 
Whalebone. 

Bones. 

Ivory. 

Horn. 

Scales. 

Parchment. 

Hair. 

Wool. 

Feathers. 

Cotton. 

Silk. 

Third  Column. 

Alum. 

Sugar  Candy. 
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The  Phofphoms  of 
Berne. 

Yellow  and  white  wax, 
Japan  varnifli. 
Sandarac. 

Maftich. 

Amber, 

Jet. 

Pitch. 

Gum  copal. 

Gum  lac. 

Colophonia. 

Sulphur. 

Sealing-wax. 

All  falts  which  have 
fufficient  confift- 
ence. 

All  refins. 

Fourth  Column* 

Loadftone. 

Hand-ftone. 

Marble  of  all  colours. 
Slate. 

Free-ftone. 

Granite. 

Porphyry.  * 

Jafper. 

Varnifh.ed  earth. 
Cornelians. 

Agates. 

All  opaque  precious 
Hones. 

Porcelaine. 


Fifth 
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Fifth  Column. 

Hyacinth. 

Opal. 

Emerald. 

Amethyft 

Topaz. 

R  uby. 

Sapphire. 

Cat’s  eye. 

Peridote. 

Granite. 

Rock  cryftal. 


Venice  and  Mufcovy 
talc. 

Coloured  diamonds,ef- 
pecially  yellow. 

White  diamonds,  es¬ 
pecially  the  bril¬ 
liant. 

All  tranfparent  preci¬ 
ous  ftones. 

Glafs,  and  all  vitrifi¬ 
cations  without  ex¬ 
cepting  thofe  of 
metals. 


The  inference  which  this  author  draws 
from  this  catalogue  is,  that  the  moft  brittle, 
and  the  moft  tranfparent  fubftances,  are  al¬ 
ways  the  moft  eleCtric ;  and  he  has  recourfe 
to  an  awkward  hypothefis  to  account  for  the 
marcafites  not  being  excitable  at  all,  notwith¬ 
standing  they  are  both  brittle  and  transparent. 
He  Says  it  is  owing  to  condenSed  air  contained 
in  thoSe  fubftances,  which  is  known  to  pre¬ 
vent  excitation  *. 

The  Same  author  Says,  that  mineral  waters 
are  much  more  Senfibly  affeCted  with  electri¬ 
city  than  common  water ;  that  black  ribbons 
are  much  Sooner  attracted  than  thoSe  of  other 
colours ;  and,  next  to  them,  the  brown,  and 
deep  red  f . 

*  Boulanger,  p.  74.  t  Ibid.  p.  124. 
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Mr.  Le  Cat,  a  phyfician  at  Rouen,  who 
has  diftinguifhed  himfelf  by  feveral  perform¬ 
ances  in  the  learned  world,  fufpended  feveral 
pieces  of  leaf  gold  at  his  conductor,  and  ob- 
ferved  that  they  hung  at  different  diftances, 
according  to  their  frzes,  the  fmaller  pieces 
placing  themfelves  nearer  the  conductor,  and 
the  larger  receding  farther  from  it.  This  he 
compares  to  the  diflances  at  which  the  planets 
make  their  revolutions  round  the  fun,  and  he 
fuppofed  the  caufe  to  be  the  fame  in  both. 
The  fame  author  very  particularly  compares  the 
ele&ric  fhock,  which  had  juft  been  difcover- 
ed,  to  thunder 

G  ermany  affords  but  few  articles  for  the 
ele&rical  hiftory  of  this  period;  one  of  them, 
however,  is  curious,  and  well  deferves  to  be 
tranfmitted  to  pofterity.  Mr.  Gordon  of  Er- 
ford  excited  the  electricity  of  a  cat  fo  ftrongly, 
that,  when  it  was  communicated  by  iron 
chains,  it  bred  fpirit  of  wine  f. 

It  has  been  mentioned  before,  that  feveral 
gentlemen  in  Germany,  as  well  as  in  Eng¬ 
land,  had  found,  that  if  the  man  who  rubbed 
the  globe  flood  upon  electrics,  fparks  were 
perceived  upon  touching  him  ;  but  Mr.  Klin- 
genftierna,  a  Swede,  and  Mr.  Stroema,  were 
the  firft  who  properly  electrified  by  the  rub¬ 
ber  ;  and  their  experiments  were  published  in 
the  Aftsof  the  Royal  Academy  of  Sciences  at 
Stockholm  for  the  year  1747 

*  Hifto're,  p.  84—85.  f  Nollet’s  Recherds.es,  p.  98. 

X  Wilc.ce,  p.  m. 
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Mr.  Jallabert,  profeffor  of  philofophy 
at  Geneva,  found  that  a  coating  of  pitch  did 
not  prevent  the  conductor  from  being  electri¬ 
fied,  which  proved  that  the  eleCtric  fluid  en¬ 
ters  the  fubftance  of  metals.  He  alfo  proved, 
that  ice  was  a  conductor  of  ele&ricity,  by 
making  the  Leyden  experiment  with  a  bottle 
in  which  water  was  frozen  *. 

The  amazing  and  extenfive  effeCts  of  elec¬ 
tricity  now  began  to  make  philofophers  look 
for  it  where  it  had  not  been  fufpeCted  before. 
The  frft  account  that  is  given  of  woollen  gar¬ 
ments  being  obferved  to  exhibit  figns  of  elec¬ 
tricity,  when  they  were  put  off,  after  the 
flafhes  of  light  they  gave  were  known  to  be 
owing  to  electricity,  was  fent  to  the  Royal 
Society  by  Mr.  Coke  of  the  Hie  of  Wight, 
who  fays,  that  a  lady  of  his  acquaintance  ob¬ 
ferved  it ;  and  that  it  was  alfo  at  laft  found, 
that  it  was  only  new  flannel,  and  after  fome 
time  wearing,  which  gave  that  appearance, 
and  that  this  property  was  loft  when  it  was 
wafhed  *f\ 

The  fame  appearance,  he  obferves,  upon 
another  occafion,  was  moft  confpicuous  in 
frofty  weather;  in  which  feafon  he  takes 
notice,  that  there  is  generally,  not  only  a 
greater  purity  of  the  air,  and  abfence  of  moif- 
ture,  but  that  all  hairy  and  horny  fubftances 
(for  hairs,  as  he  fays,  are  only  fmall  horns) 
are  more  elaftic,  and  confequently  fufceptible 
of,  and  more  capable  of  exciting  ftrong  vi- 

*  Hiftoire,  p.  93,  96. 

f  Phil,  Tranf.  abridged,  Vol*  x.  p.  343, 
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bratlons.  He  fays,  that  the  flannel  being 
tendered  damp  with  fea  water,  and  after¬ 
wards  dry,  would  heighten  the  eledric  ap¬ 
pearances  *. 

But  though  this  was  the  firfi  appearance 
6f  the  kind  that  was  obferved,  after  it  was 
known  to  arife  from  electricity,  fimilar  ap¬ 
pearances  had  been .  feveral  times  noted  be¬ 
fore.  Bartholin,  who  fiouriihed  in  1650* 
Wrote  a  book  De  luce  animalium ,  in  which  he 
fuppofes,  that  unci nous  effluvia  had  a  great 
lhare  in  thofe  appearances.  The  fame  writer 
fays,  that  Theodore  Beza  might  be  feen  by  a 
light  proceeding  from  his  eye-brows- ;  and 
that  fparks  would  flafh  from  the  body  of 
Charles  Gonzaga*  Duke  of  Mantua,  Upon  be¬ 
ing  gently  rubbed.  But  he  does  not  fay 
whether  he  had  any  particular  hairy,  or  fcaiy 
fuperficies  to  his  fkin 

Dr.  S  imps  on,  who  pub!  ifhed  a  philofophi- 
cal  difcourfe  on  fermentation,  dedicated  to 
*  the  Royal  Society  in  1675,  alfo  takes  notice 
of  the  light  proceeding  from  animals  on  frica- 
tion,  or  pedation  as  he  calls  it,  and  in  fiances 
in  the  combing  of  a  woman’s  head,  the  cur- 
tying  of  a  hotfe,  and  the  ftroking  of  a  cat’s 
back|* 

Mr.  Clayton  alfo,  in  a  letter  to  Mr, 
Boyle,  dated  June  2  3d,  1684,  at  james-towrt 
in  Virginia-,  gives  him  an  account  of  a  ftrangd 
accident,  as  he  calls  it,  which  happened  to 
one  Mrs.  Sewall,  whofe  wearing  apparel  emit-* 

•  1 

*  Phil.Tranf.  abridged**  Vo],  x.  p.  344.  f  Ibid*  p.  344. 

I  /Ibid.  P  357-  ' 
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ted  a  flafhing  of  fparks,  which  were  feen  by1 
feveral  perfons.  The  like  happened  to  Lady 
Baltimore  her  mother-in-law  *. 

I  shall  conclude  this  fed  ion  with  what  I 
can  find,  in  this  period,  about  increasing 
the  power  of  eledrieity,  and  meafuring  its 
effeds. 

* 

Mr.  Monnier  the  youngerr  whofe  name 
has  been  frequently  mentioned  in  the  courfe’ 
of  this  hiftory,  ufed  glafs  fpheroids  inftead  of 
globes,  and  endeavoured  to  increafe  his  electri¬ 
cal  power  by  ufmg  feveral  of  thefe  fpheriods 
at  a  time ;  but  he  found,  upon  trial,  that  they 
did  not  anfwer  his  expeditions  ;  and  was 
thence  difpofed  to  conclude,  that  there  might 
be  a  ne  plus  ultra  in  the  intenfity  of  eledrici- 
ty5  as  well  as  in  the  heat  communicated  to 
boiling  water  f. 

The  power  of  glafs  in  eledrifying  being 
found  to  be  fo  great,  it  is  no  wonder  that  phi- 
lofophers  fhould  endeavour  to  find  what  kind# 
of  glafs  was  capable  of  being  excited  to  the 
greateft  degree.  Among  other  propofals  we 
find  a  very  memorable  one  communicated  to 
the  Royal  Society,  April  6th,  1749,  by  Mr. 
Boze.  He  fays,  that  a  glafs  ball  which  has 
often  been  employed  in  violent  diftillations, 
and  other  chemical  operations  fends  forth  elec¬ 
tricity  incomparably  more  ftrong,  than  any 
glafs  which  had  never  been  expofed  to  fo  vio¬ 
lent  a  fire.  This  article  is  the  more  curious, 
as  it  fhews  us  how  much  philofophers  at  this 

*  Phil.  Tranf.  abridged,  Vok  x.  p.  278,' 
t  Ibid,  p.  33 p. 
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time  piqued  themfelves  upon  difcoveries  iit 
electricity.  He  afferts  his  being  the  firft  per- 
fon  who  ever  mentioned  this  notable  circum- 
fiance,  as  he  calls  it,  and  defires  Dr.  Watfon, 
to  whom  he  communicated  it,  to  let  him  have 
the  honour  of  that  improvement  ini  the  Philo- 
fophical  TranfaCtions 

It  was  within  this  period  that  Dr,  Watfon 
contrived  to  improve  theftrength  of  electrici¬ 
ty  by  moiftening  the  rubber  of  his  globe, 
though  he  was  not  aware  of  all  the  reafons 
for  it.  He  obferved  that  the  man  who  Rood 

S' 

on  the  floor,  to  excite  the  globe  by  his  hand, 
did  it  more  flrongly  than  a  cufhion.  This,  he 
fays,  he  coiild  not  conceive  to  be  owing  to 
any  other  difference,  than  to  his  hand  being 
more  moift,  and  confequently  more  readily 
conducting  the  electricity  from  the  floor; 
wherefore  he  ordered  his  machine,  and  even 
his  cufhion,  to  be  made  damp;  and  then 
found  that  the  electricity  was  as  ftrong 
as  when  the  globe  was  rubbed  by  the 
hand  f. 

A  gentleman  at  Chartres  in  France, 
greatly  increafed  the  effeCts  of  electricity  by 
means  of  moift u re,  for  afferting  which  he  is 
very  much  ridiculed  by  the  author  of  Hijioire 
de  P EleBricite . 

Mr.  Wilson  fays,  that  if  the  cufhion 
(which  he  made  of  leather)  was  gilt  with  fil- 
ver,  brafs,  or  copper,  it  w~ould  do  very  well  ^ 
and  that  the  filk  line  on  which  the  conductor 

*  Phil.  Tranf.  abridged,  Vo],  x,  p,  329. 
f  Ibid,  p,  31-2, 
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hung  fhould  be  red  or  yellow*;  The  tables 
he  fays,  fhould  hand  on  moift  ground,  or 
a  wire  pafs  from  the  machine  to  the  moift 
ground 

Dk.  Watson  alfo  found,  that  though  ncr 
elefir icily  could  be  produced  by  rubbing  the 
globe  with  original  electrics  perfectly  dry,  yet 
that  they  anfwered  very  well  when  they  had 
been  made  moift ;  the  water  imbibed  by  thofe 
fubftances  ferving  as  a  canal  of  communica¬ 
tion  to  the  electricity  between  the  hand,  or 
the  cufhion,  and  the  globe ;  in  the  fame  man¬ 
ner  as  the  air,  replete  with  vapours  in  damp 
weather,  prevents  the  accumulation  of  the 
eleCtric  matter  in  any  confiderahle  degree,  by 
conducting  it  as  faft  as  it  is  excited  to  the 
neareft  non  -  eTeCtrics.  He  obferved,  on  the  con¬ 
trary,  that  mod  vegetable  fubftances,  though 
made  as  dry  as  poffible,  furnifhed  electricity, 
but  frnall  in  quantities.  He  excited  electricity 
not  only  from  linen,  cotton,  &c.  but  even 
from  fheet  lead  and  a  deal  board  f. 

The  Abbe  Nollet  fays,  that  he  found  oil 
of  turpentine  upon  a  piece  of  woollen  cloth 
excited  glafs  very  powerfully,  but  that  the 
leaft  water  mixed  with  it  prevented  the  ex¬ 
citation 

Me.  Boulanger  fays,  that  if  two  cylin¬ 
ders  be  made  of  the  fame  kind  of  glafs,  and 
of  the  fame,  fafhion,  one  of  them  tranfparent, 
and  the  other  tinged  with  any  colour,  the 
tranfparent  cylinder  will  be  excited  moreealily 

*  Wilfon’s  EfTay,  p.  6.  +  Ibid.  p.  8, 

1  Ibid.  38-0^  §  Recberchcs,  p.  168. 
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tli an  the  coloured  one  He  acknowledges, 
however,  that  fometimes  the  moft  transpa¬ 
rent,  and  the  moft  brittle  glafs  is  capable  of 
acquiring  but  little  electricity  f .  In  another 
place  he  fays,  that  a  cylinder  of  three  or  four 
lines  in  thicknefs  will  acquire  a  ftronger,  and 
a  more  lafting  electricity  than  a  cylinder  of 
one  line  thick  J.  He  alfo  fays,  that  £ 
perfon’s  two  hands,  or  one  cufhion,  is  better 
than  more  §.  • 

About  the  fame  time  that  Dr.  Watfon 
made  his  firft  experiments  upon  the  Leyden 
phial,  Mr.  Canton  difcovered  a  method  by 
which  the  quantity  of  electricity  accumulated 
in  the  phial  might  be  meafured  to  a  good  de¬ 
gree  of  exaCtmefs.  He  took  the  charged 
phial  in  his  hand,  and  made  it  give  a  fpark 
to  an  infulated  conductor,  which  fpark  he  took 
oft7  with  his  other  hand.  This  operation  he 
repeated  till  the  whole  was  difcharged,  and 
he  eftimated  the  height  of  the  charge  by  the 
number  of  the  fparks..  This  is  a  pretty  cer¬ 
tain  and  exaCt  method  of  knowing  how  high 
a  phial  has  been  charged  ;  but  what  electrici¬ 
ans  chiefly  want  is  a  method  of  afcextaining 
how  high  a  phial  is  charged,  or  the  exaCt  force 
of  the  charge  while  it  is  contained  in  the 
glafs.. 

Something  of  this  kind  was  done  by  Mr. 
Ellicott,  in  the  fame  year  1746.  He  pro- 
pofed  to  eftimate  the  ftrength  of  common 

*  FoUangcr,  p.  64..  +  I  hid.  p.  1 64. 

X  lfJb:.d.  p.  135.  §  Ibid;  p  136. 
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eledrification,  by  its  power  to  raife  a  weight 
in  one  fcale  of  a  balance,  while  the  other 
fhould  be  held  over  the  electrified  body, 
and  pulled  to  it  by  its  attractive  power  *.  Mr, 
Gralath  alfo  conftruded  an  eledrometer  upon 
the  fame  principle  f.  ^ 

The  Abbe  Nollet  applied  the  threads  that 
Mr.  Grey  and  Du  Fay  had  ufed  in  eledrica! 
experiments,  to  fhew  the  degree  of  eledrici- 
ty.  He  hung  two  of  them  together,  and  obr 
ferved  the  angle  of  their  divergence,  by  means 
of  the  rays  of  the  fun,  or  the  light  of  a  can¬ 
dle,  and  their  fliadow  upon  a  board  placed 
behind  them.  Mr*  Waltz  alfo  thought  of  the 
fame  kind  of  eledrometer,  with  this  improve¬ 
ment,  that  he  loaded  the  ends  of  the  thready 
with  fmall  weights 

*  Boulanger*  p.  324. 

f  Dantzick  Memoirs,  Vol.  L  p.  £25. 

%  Hiftoire,  p.  58.  -  > ' 


the  Abbe  NOLL  ET.  167 


SECTION  IV, 

Experiments  on  animal,  and  other 

ORG  ANIZED  BODIES  IN  THIS  PERIOD  ;  AND 
OTHER  EXPERIMENTS  CONNECTED  WITH 
THEM,  MADE  CHIEFLY  BY  THE  ABBE 

NOLLET. 

ITHERTO  the  effect  of  eledricity  up¬ 
on  human  bodies  had  not  been  attend¬ 
ed  to,  farther  than  the  mere  fhock  of  the 
Leyden  phial.  But  we  {hall  now  fee  a  curi¬ 
ous  fet  of  experiments  on  this  fnbjed  exhibit¬ 
ed  by  the  Abbe  Nollet.  The  Englifh  philo- 
fophers,  who  led  the  way  in  almoft  every 
other  application  of  eledricity,  were  among 
the  laft  to  try  its  effeds  upon  animals,  and 
other  organized  bodies.  The  only  article 
that  l  ean  find  upon  this  fubjed,  before  the 
difeoveries  of  the  Abbe  Nollet,  is  one  of  Mr, 
Trembley’s;  who  fays  that  feveral  perfons 
had  obferved,  that  while  they  were  eledrified, 
their  pulfe  beat  a  little  fafter  than  before.  He 
fays,  that  he  himfelf,  after  having  been  elec¬ 
trified  a  long  time  together,  had  felt  an  odd 
fenfation  all  over  his  body,  and  that  fome  pens¬ 
ions  had  felt  very  {harp  pains  after  being 
eledrified 


*  Phil,  Tranf.  abridged,  Vol.  x,  p,  321. 
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The  ingenious  Abbe  Noilet  begins  his  ex¬ 
periments  with  the  evaporation  of  fluids  by 
electricity.  They  were  made  with  the  greateft 
attention,  and  the  following  obfervations  were 
the  refill t  of  them, 

u  i.  Electricity  augments  the  natural 
evaporation  of  fluids ;  fince,  excepting  mer- 
cury,  which  is  too  heavy,  and  the  oil  of 
oliv  es,  which  is  too  vifcous,  all  the  others 
^  -which  were  tried  fufFered  a  diminution 
which  could  not  be  afcribed  to  any  other 
^  caufe  than  electricity. 

cc  2.  Electricity  augments  the  evapo- 
€5  ration  of  thefe  fluids  the  molt,  which  are 
^  moft  fubjeCl  to  evaporate  of  themfelves.  For 
the  volatile  fpirit  of  fal  ammoniac  fufFered  a 
^  greater  lofs  than  fpirit  of  wine,  or  turpen- 
tine  ;  thefe  two  more  than  common  water ; 
and  water  more  than  vinegar,  or  the  folu- 
tion  of  nitre. 

u  3.  Electricity  has  a  greater  effect 
upon  fluids  when  the  veffels  which  contain 
u  them  are  non-eledrics  ;  the  effe&s  always 
<c  feeming  to  be  a  little  greater  when  the 
u  veffels  were  of  metal,  than  when  they  were 
fc  of  glafs. 

“  4.  This  increafed  evaporation  was  more 
confiderable.  when  the  veffel  which  contain- 
ed  the  liquor  was  more  open,  but  the  ef- 
■ c  feds  did  not  increafe  in  proportion  to  their 
<c  apertures.  For  when  thefe  liquors  were 
^  electrified  in  veffels,  whofe  aperture  was 
four  inches  in  diameter,  though  they  pre~ 
fented  to  the  air  a  furface  fixteen  times 

u  larger 
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fc  larger  than  when  they  were  contained  in 
^  veffels  whofe  aperture  was  one  inch  in  dia- 
meter,  they  were,  nevertheless,  far  from 
“  fuffering  a  diminution  proportioned  to  that 
^  difference. 

u  5.  Electrification  does  not  make 
^  any  liquors  evaporate  through  the  pores, 
a  either  of  metal,  or  of  glafs  ;  fmee  after  ex- 
6C  periments  which  were  continued  ten  hours, 
there  was  found  no  diminution  of  their 
ft  weight,  when  the  veffels  in  which  they  were 
contained  were  well  flopped*.” 

After  having  made  experiments  on  fluids* 
the  Abbe  began  another  courfe  on  folids  of  va¬ 
rious  kinds,  the  refult  of  which  was,  that  they 
loft  weight  only  in  proportion  to  the  moif- 
ture  they  contained,  and  the  opennefs  of  their 
pores  f. 

The  Abbe  alfo  extended  his  experiments 
to  other  fenfible  qualties  of  bodies,  as  their 
fmell,  their  tafte,  and  chemical  properties  ; 
but  found  no  change  in  any  of  them,  after  a 
ftrong  and  continued  electrification  of  a  varie¬ 
ty  of  fubftances.  El  e  dir  in  cation  did  not  af¬ 
fect  the  power  of  the  magnet,  and  neither 
retarded  nor  accelerated  the  heating  or  cool¬ 
ing  of  bodies 

He  then  proceeded  to  the  electrification  of 
capillary  tubes,  full  of  water  ;  it  having  been 
obferved  by  Mr.  Boze,  who  communicated 
the  obfervation  to  Mr.  Nollctjj,  that  the  wa¬ 
ter  would  ifliie  in  a  conftant  bream  when  they 

*  Nollet’s  Recherches,  p.  327.  f  ibid.  p.  335. 

X  Ibid.  p.  34.1.  y  ibid,  p.  343. 
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were  electrified ;  whereas  it  would  only  drop 
very  flowly  without  that  operation.  Every 
perfon,  at  fir  ft  fight,  would  judge  that  the 
ftream  was  accelerated,  and  that  the  elec¬ 
trified  veffel  would  foon  be  empty  :  but  this 
accurate  philofopher  was  unwilling  to  rely  on 
firft  appearances,  and  therefore  refolved  to  af- 
eertain  the  fact,  by  meafuring  the  time,  and 
the  quantity  of  liquor  running  out.  And,  in 
order  to  know  if  the  acceleration,  fuppofing 
there  were  any,  was  uniform,  during  the 
whole  time  of  the  running  out,  he  made  ufe 
of  veffels  of  different  capacities,  terminating 
in  pipes  of  different  bores,  from  three  lines 
in  diameter,  to  the  final  left  capillaries. 

As  the  Abbe  did  not.  find  it  fo  eafy  a  matc¬ 
her  to  draw  a  fafe  conclufion  in  this  cafe  as 
might  at  firft  be  imagined,  he  gives  us  in  grofs 
the  following  refult  of  above  an  hundred  ex¬ 
periments  % 

44  i.  The  electrified  ftream,  though  it 
44  divides,  and  carries  the  liquid  farther,  is 
44  neither  feniibly  accelerated  nor  retarded, 
44  when  the  pipe  through  which  it  iflues  is 
44  not  lefs  than  a  line  in  diameter. 

46  2.  Under  this  diameter,  if  the  tube  is 
44  wide  enough  to  let  the  liquid  run  in  a  con- 
44  tinned  ftream,  electricity  accelerates  it  a 
44  little ;  but  lefs  than  a  perfon  would  ima- 
44  gine,  if  he  judged  by  the  number  of  jets 
44  which  are  formed,  and  by  the  diftance  to 
44  which  they  go. 

*  Recherche?,  p.  j27.  Phil.  Tranf.  abridged,  Vol.  y.  p.  382. 
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44  3.  If  the  tube  be  a  capillary  one,  from 
#  which  the  water  only  drops  naturally,  the 
^  electrified  jet  not  only  becomes  a  continu- 
u  ed  ftream,  and  even  divided  into  feveral 
iC  ftreams,  but  is  alfo  confiderably  accelerat- 
■u  ed;  and  the  fmaller  the  capillary  tube 
44  is,  the  greater,  in  proportion,  is  this  ac- 
^  celeration. 

44  4.  So  great,  is  the  efFeCt  of  the  eleCtric 
44  virtue,  that  it  drives  the  water  in  a  con- 
44  ftant  ftream  out  of  a  very  fmall  capillary 
44  tube,  out  of  which  it  had  not  before  been 
44  able  even  to  drop.” 

The  moft  unaccountable  of  thefe  experi¬ 
ments,  as  the  ingenious  Abbe  acknowledges, 
are  thofe  which  fuppofe  a  retardation  of  the 
electrified  current,  and  he  long  doubted  the 
faCt;  but  a  great  number  of  experiments, 
carefully  noted  in  his  journal,  obliged  him  to 
admit  it,  though  ftiil  with  hefitation,  and  to 
account  for  it  in  the  beft  manner  he  could  , 
which,  indeed,  is  not  very  fatisfaCtory 

The  beautiful  appearance  of  thefe  ftreams 
of  electrified  water,  when  the  experiment 
was  exhibited  in  the  dark,  is  particularly  de~ 
fcribed  by  this  author,  after  Meflrs.  Boze  and 
(Gordon,  who  firft  obferved  it  f . 

These  laft  experiments  ferved  as  a  bafis  to 
the  Abbe’s  future  inquiries.  He  conlidered 
all  organized  bodies  as  affemblage8>  of  capil¬ 
lary  tubes,  filled  with  a  fluid  that  tends  to  run 
through  them,  and  often  to  iflue  out  of  them. 

?  Recherches,  p.  351*  f  Ibid.  p.  354. 
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In  confequenee  of  this  idea,  he  imagined , 
that  the  eleCtric  virtue  might  poffiblv  com¬ 
municate  fome  motion  to  the  fap  of  veget¬ 
ables,  and  alfo  augment  the  infenfible  per- 
fpiration  of  animals.  He  began  with  the  fol¬ 
lowing  experiments,  the  refult  of  which  con¬ 
firmed  his  fuppofition 

He  eledrified  for  four  or  five  hours  to¬ 
gether,  fruits,  green  plants,  and  fpunges, 
dipped  in  water  which  he  had  carefully 
weighed  ;  and  found  that,  after  the  experi¬ 
ment,  all  thofe  bodies  were  remarkably  lighter 
than  others  of  the  fame  kind,  weighed  with 
them,  both  before  and  after  the  experiment, 
and  kept  in  the  fame  place  and  temper  j\ 

The  electrification  of  growing  vegetables 
was  firft  begun  in  Britain.  Mr.  Maimbray 
at  Edinburgh  electrified  two  myrtle  trees,  dur¬ 
ing  the  whole  month  of  October  1746;  when 
they  put  forth  final  1  branches  and  blofifoms 
fooner  than  other  fbmbs  of  the  fame  kind, 
which  had  not  been  electrified.  Mr.  Nollet, 
hearing  of  this  experiment,  was  encouraged 
to  try  it  himfeif  J 

He  took  two  garden  pots,  filled  with  the 
fame  earth,  and  fowed  with  the  fame  feeds. 
He  kept  them  conftantly  in  the  fame  place, 
and  took  the  fame  care  of  them ;  except  that 
one  of  the  two  was  electrified  fifteen  days  to¬ 
gether,  for  two  or  three,  and  fometimes  four 
hours  a  day.  The  confequenee  was,  that  the 

*  Recherche?,  p.  3^, 

4  Phil.  T^anf.  abridged;  Vol.  x.  p.  3 S3. 
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electrified  pot  always  fhewed  the  fprouts  of 
its  feeds  two  or  threee  days  fooner  than  the 
other.  It  alfo  threw  out  a  greater  number  of 
{hoots,  and  thofe  longer  in  a  given  time  ; 
which  made  him  believe,  that  the  electric  vir¬ 
tue  helped  to  open  and  difplay  the  germs,  and 
thereby  to  facilitate  the  growth  of  plants. 
This,  however,  our  cautious  philofopher  only 
calls  a  conjecture,  which  required  farther 
confirmation.  The  feafon,  he  fays,  was  then 
too  far  advanced  to  allow  him  to  make  as 
many  experiments  as  he  could  have  wiihed, 
but  he  fays  the  next  eourfe  of  experiments 
had  greater  certainty,  and  they  are  not  lefs 
interefting 

The  fame  experiments  were  carrying  on 
about  the  fame  time  by  Mr.  Jallabert,  Mr, 
Boze,  and  the  Abbe  Menon*  principal  of  the 
college  of  Bueil  at  Angers,  who  all  drew  the 
fame  conelufions  from  them  j\ 

T h  e  Abbe  chafe  feveral  pairs  of  animals 
of  different  kinds,  cats,  pigeons,  chaffinches*, 
fparrows,  &c.  All  thefe  he  put  into  feparate 
wooden  cages,  and  weighed  them.  One  of 
each  pair  he  eledrified  for  five  or  fix  hours 
together,  and  then  weighed  them  again.  The 
refult  was,  that  the  electrified  cat  was  com¬ 
monly  fixty-five  orfeventy  grains  lighter  than 
the  other,  the  pigeon  from  thirty-five  to 
thirty-eight  grains,  the  chaffinch  or  fparrow 
fix  or  feven  grains.  In  order  to  have  no¬ 
thing  to  charge  upon  the  difference  thaf 

*  Recherches,  p.  358,  &c,  Phil.  Tranf.  abridged,  Vol.  jc. 
p-  383..  f  Recherches,  p.  3 37.  > 
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might  arife  from  the  temperament  of  the  in¬ 
dividuals  he  happened  to  pitch  upon,  he  re¬ 
peated  the  fame  experiments,  by  electrifying 
that  animal  of  each  pair  which  had  not 
been  electrified  before ;  and,  notwithftanding 
fome  final!  varieties  the  electrified  animal  Was 
conftantly  lighter  than  the  other  in  propor¬ 
tion  A 

After  thefe  experiments,  he  had  no! 
doubt  but  that  electricity  mcreafed  the  infen- 
fible  perfpiration  of  animals,  but  it  was  not 
certain  whether  this  increafe  was  in  the  ratio 
of  their  bulks,  or  in  that  of  their  furfaces. 
The  Abbe’s  opinion  was,  that  it  Was  neither 
in  the  one,  nor  the  other,  ftriCtly  fpeaking* 
but  in  a  ratio  much  more  nearly  approaching 
the  latter  than  the  former ;  fo  that  he  ima¬ 
gined,  there  was  no  room  to  apprehend,  that 
a  human  perfon  electrified  would  lofe  near  a 
fiftieth  part  of  his  weight,  as  it  appeared  to  him 
to  have  happened  to  one  fort  of  bird ;  nor 
1 40th  part,  as  to  the  pigeon,  &c.  All  that 
he  had  then  obferved  upon  that  head  was,  that 
a  young  man  or  woman,  between  the  ages  of 
twenty  and  thirty,  from  being  electrified  five 
hours  together,  had  loft  feveral  ounces  of 
their  weight,  more  than  they  were  wont  to 
lofe  when  they  were  not  electrified  f . 

The  Abbe  obferves,  that  no  inconvenience 
whatever  was  felt  by  the  perfons  who  fub- 
mitted  to  be  electrified  in  this  manner.  They 

y  / 

*  Recherches,  p.  366,  &c. 

f  Phil.  Tranl".  abridged,  VoL  x.  p.  3^4.  Recherches, 
p.  3S2, 
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drily  found  themfelves  a  little  exhatifted,  and 
had  got  a  better  appetite.  He  adds,  that  none 
of  them  found  themfelves  fenfibly  warmery 
and  that  he  could  not  perceive  that  their  pulfe 
was  encreafed  *. 

These  iaft  experiments  on  human  bodies, 
he  juftly  obferves,  are  difficult  to  purfue  with 
exadnefs,  becaufe  the  doathing,  which  can¬ 
not  ftrifitly  be  compared  to  the  hairs  of 
feathers  of  animals,  retains  a  coilfi durable 
fiiare  of  the  perfpired  matter,  and  prevents' 
our  forming  a  good  judgment  of  the  whole 
effed  of  the  eledric  virtue. 

The  foregoing  experiments,  he  fays,  con¬ 
vinced  him  of  the  reality  of  the  effluent  mat¬ 
ter,  carrying  away  v/ith  it  the  perfpirablef 
parts  of  bodies,  and  what  could  be  evaporated 
from  their  furfaces.  And  he  was  convinced 
of  the  affluent  matter,  by  obferving  all  thofe 
effeds  produced,  if,  inftead  of  eledrifying 
bodies  themfelves,  they  were  only  brought 
near  a  large  body  wffiich  was  eledrified.  He 
moiftened  a  thick  fpunge  in  wTater,  and  cut  it 
into  two  pieces,  and  then  weighed  the  parts 
feparately,  and  placing  the  whole  near  a  large 
eledrified  body  ;  he  found  that,  after  an  elec¬ 
trification  of  five  or  fix  hours,  that  part  of 
the  fpunge  which  was  nearer  to  the  eledrified 
body  had  loft  more  weight  than  the  other. 
From  this  fad  he  concluded,  that  if  any  part 
of  an  animal  body  was  prefented  to  a  large 
eledrified  fubftance,  it  would  perfpire  more 

*  Recherchfs,  p,  389. 
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than  the  other,  and  that  perhaps  obftruc^ 
tions  might  by  this  means  be  removed  from 
the  pores  of  it  *. 

The  experiments  above  recited  of  Mn 
Nollet  by  no  means  fatisfied  the  Englifli  phi- 
lofophers,  and  particularly  Mr.  Ellicott,  who 
made  experiments  to  refute  the  theory  which 
the  author  had  deduced  from  them.  He  obferv- 
ed  that  the  fyphon,  though  electrified,  would 
only  deliver  the  wrater  by  drops,  if  the  bafon 
in  which  the  water  was  contained  was  elec¬ 
trified  too.  But  this  does  not  invalidate  Mr, 
Nollet’s  curious  experiments  upon  the  fubjed 
of  evaporation  and  perfpiration.  For  when 
an  animal  body  is  electrified,  there  is  always 
non-eledric  matter  enough  in  the  atmofphere^ 
to  anfwer  the  purpofe  of  the  uneledfified  ba¬ 
fon,  in  the  experiment  of  the  capillary  tube; 
thereby  to  caufe  a  continual  exhalation  of  thd 
perfpirable  matter  from  the  pores  of  the  fkin. 
Befides,  the  capillary  tube  will,  in  fact,  unite 
the  water  in  a  conflant  ftream,  when  it  has 
only  the  open  air  to  throw  it  into.  In  all  de¬ 
bates  upon  fubjeds  in  natural  philofophy, 
fads  ought  only  to  be  oppofed  to  fads.  The 
veracity  of  the  Abbe  Nollet  is  not  to  be  called 
in  queftion  ;  though  it  muft  be  acknowledged, 
that,  in  his  later  writings,  at  a  time  when  his 
favourite  fyftem  was  in  danger,  he  makes 
mi  flakes  with  refped  to  the  fads  that  near¬ 
ly  affed  it. 

*  Phil,  Tranf.  abridged,*  Vol.  x,  p  385?. 
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To  account  for  the  appearance  of  light* 
which  feems,  in  fome  cafes,  to  iffiie  from  a 
non-eleCtric  body  prefented  to  an  excited  elec-^ 
trie,  and  which  Mr.  Nollet  thought  to  be  the 
affluent  matter,  Mr.  Ellicott  fuppofes  that  it 
was  the  light  which  had  come  from  the  elec^ 
trie.  In  accounting  for  the  fufpenfion  of  leaf 
gold  between  an  electrified  and  an  uneleciri- 
fied  plate,  Mr.  Ellicotfs  theory  made  it  ne- 
ceffary  to  fuppofe  (what  Dr.  Franklin  after¬ 
wards  fdund  not  to  be  fact)  that  the  leaf  gold 
will  always  be  fufpended  nearer  the  unelec¬ 
trified  than  the  electrified  plate. 

In  his  anfwer  to  Mr.  Nollet,  Mr.  Ellicott 
alfo  endeavours  to  account  for  the  electric 
matter  iffuing  from  a  point  at  the  extremity 
of  the  conductor,  more  fenfibly  than  if  it  had 
terminated  round  of  flat.  He  fays  that  the 
effluvia,  in  ruffling  from  the  globe  along  the 
cbnduCtor,  as  they  approached  the  point, 
were  brought  nearer  together,  and  therefore 
were  denfer  there  than  in  any  part  of  the 
rod.  Confequently,  he  fays,  if  the  light  be 
owing  to  the  denfity  and  velocity  of  the  efflu¬ 
via,  it  will  be  vifible  at  the  point,  and  no 
where  elfe.  This,  as  fai*  as  I  can  find,  was 
the  firft  attempt  to  account  for  this  phenome¬ 
non  ;  but  it  by  no  means  accounts  for  the 
whole  virtue  of  the  conductor  being  diffipat- 
ed  from  fuch  points.  Indeed,  it  is  no  wonder 
that  the  influence  of  points  which  are  but  im¬ 
perfectly  under  flood  even  at  this  day,  fur  ni  fired 
too  difficult  a  problem  fo  many  years  ago  m 

*  Phil,  Tranf.  abridged*  Vo b  x,  p.  393. 
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It  will,  now,  be  tmiverfally  acknowledge 
ed,  that  there  was  very  great  merit  in  thefe 
experiments  of  the  Abbe  Nollet,  made  upon 
animal  and  other  organized  bodies  He  open¬ 
ed  a  new  and  noble  field  of  eledrical  difco- 
verie.s,  and  he  purfued  them  with  great  at¬ 
tention,  perfeverance,  and  expence.  This  lad 
circumdance,  I  fuppofe,  may  have  been  the 
reafon  why  his  experiments  have  not,  as  far  as 
I  can  find,  been  refumed  and  purfued  by  any 
eledrician  fince  his  time,  though  there  feemS 
to  be  great  room  to  improve  upon  what  he 
began.  The  only  method  in  which  they  can 
be  conduded  to  any  purpofe,  would  be  by  the 
the  help  of  a  machine  for  perpetual  eledrift- 
cation,  to  go  by  wind  or  water ;  which  would, 
likewife,  ferve  for  many  other  capital  experi¬ 
ments  in  eledricity.  This  application  of 
eledricity,  in  particular,  may  perhaps  be  of 
more  ufe  in  medicine,  than  any  other  mode  in 
which  it  has  hitherto  been  adminidered. 

Mr.  Jallabert  of  Geneva  carried  the 
experiments  on  plants  farther  than  the  Abbe 
Nollet  had  done  ;  and,  by  eledrifying  bottles 
in  which  the  plants  were  growing  in  water, 
and  placing  in  the  fame  expofure  other  bot¬ 
tles,  containing  plants  of  the  fame  kind ;  he 
proved,  in  the  cleared  manner,  that  the  elec¬ 
trified  plants  always  grew  fader,  and  had  finer 
Items,  leaves,  and  flowers  than  thofe  which 
were  not  eledrified,  and  confirmed  more  of 
their  water  *. 

*  Beccaria  dell’  ekttricifino  naturale  et  artificiale,  p.  125. 
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Section  v. 

The  history  of  the  medicated  tubes* 

AND  OTHER  COMMUNICATIONS  OF  MEDI* 
CINAL  VIRTUES  BY  ELECTRICITY,  WITH 
THEIR  VARIOUS  REFUTATIONS* 

IN  the  courfe  of  this  hiftory  we  have  feen 
frequent  inftances  of  felf-deception,  for 
Want  of  perfons  attending  to  all  the  eflential 
circumftaftces  of  fadts ;  but  nothing  we  have 
yet  feen  equals  what  was  exhibited  in  the 
years  1747  and  1748.  Mr.  Grey’s  decep¬ 
tions  were  chiefly  owing  to  his  miftaking  the 
caufe  of  real  appearances ;  but  in  this  cafe 
we  can  hardly  help  thinking,  that,  not  only 
the  imagination  and  judgment,  but  even  all 
the  external  fenfes  of  philofophers  muft  have 
been  impofecl  upon*  It  was  aflerted  by  Sig- 
nior  Pivati  at  Venice  (who  has  all  the  merit 
of  thefe  extraordinary  difcoveries),  and,  after 
him,  by  Mr.  Verati  at  Bologna,  Mr.  Bianchi 
at  Turin,  and  Mr.  Winckler  at  Leipflck,  that 
if  odorous  fubftances  were  confined  in  glafs 
veflels,  and  the  veflels  excited,  the  odours 
and  other  medicinal  virtues  would  tranfpire 
through  the  glafs,  infedt  the  atmofphere  of 
the  conductor,  and  communicate  the  virtue 
to  all  perfons  in  contact  with  it;  alfo  that 
thofe  fubftances,  held  in  the  hands  of  perfons 
ele&rified,  would  communicate  their  virtues 
to  them ;  fo  that  medicines  might  be  made  to 
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operate  without  being  taken  into  the  ftomacfiv 
They  even  pretended  to  have  wrought  many 
cures  by  the  help  of  eledricity  applied  this 
way.  Some  of  the  more  curious  of  thefe  pre¬ 
tended  experiments  deferve  to  be  recorded, 
for  the  entertainment  and  inftrudtion  of  pofte- 
rity. 

The  forementioned  Signior  Johannes  Fran- 
cifco  Pivati,  a  perfon  of  eminence  at  Venice, 
fays,  in  an  Italian  epifile,  printed  at  Venice 
with  all  the  ufual  licences,  in  the  year  17475 
that  a  manifeft  example  of  the  virtue  of  elec¬ 
tricity  was  fhown  in  the  balfam  of  Peru, 
which  was  fo  concealed  in  a  glafs  cylinder, 
that,  before  the  excitation  of  it,  not  the  leaft 
frnell  could  by  any  means  be  clifcovered.  A 
man  who,  having  a  pain  in  his  fide,  hadap- 
plied  hyffop  to  it,  by  the  advice  of  a  phyfici- 
an,  approached  the  cylinder  thus  prepared, 
and  was  eledtrified  by  it.  The  confequence 
was,  that  when  he  went  home,  and  fell  afleep, 
lie  fweated,  and  the  power  of  the  balfam  was 
fo  difperfed,  that  even  his.  cloaths,  the  bed, 
and  chamber,  all  fmelled  of  it.  When,  he  had 
refrelhed  himfelf  by  his  fleep,  he  combed  his 
head,  and  found  the  balfam  to  have  pene¬ 
trated  his  hair ;  fo  that  the  very  comb  wTa$ 
perfumed  *. 

The  next  day,  Signior  Pivati  fays,  he  elec¬ 
trified  a  man  in  health  in  the  fame  manner, 
who  knew  nothing  of  what  had  been  done  be¬ 
fore.  On  his  going  into  company  half  an 
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'hour  afterwards,  he  found  a  gradual  warmth 
diffuling  itfelf  through  his  whole  body,  and 
he  grew  more  lively  and  chearful  than  ufual. 
His  companion  was  furprifed  at  an  odour,  and 
could  not  imagine  whence  it  proceeded,  but 
he  himfelf  perceived  that  the  fume  arofe  from 
his  own  body,  at  which  he  aifo  was  much 
furprifed,  not  having  the  leaf!:  fiifpicion  that 
it  was  owing  to  the  operation  which  had  been 
performed  upon  him  by  Signior  Pivati  A 

Mk.  Winckler  of  Leipfick,  being  flruck 
with  fo  extraordinary  a  relation,  fays,  that  he 
was  defirous  of  trying  the  powder  of  electrici- 
ty  on  certain  fuhflances  in  the  fame  manner, 
and  that  he  found  the  event  to  confirm  what 
had  been  related ‘fi. 

He  put  fome  pounded  fuiphur  into  a  glafs 
fphere,  fo  well  covered  and  flopped,  that,  on 
turning  it  over  the  fire,  there  was  not  the 
leaft  fmeil  of  fuiphur  perceived.  When  the 
fphere  was  cold  he  electrified  it ;  and,  im¬ 
mediately,  a  fulphureous  vapour  i  Tued  from 
it,  and,  on  continuing  the  electricity,  filled 
the  air,  fo  as  to  be  fmelled  at  the  diftance  of 
more  than  ten  feet.  He  called  in  a  friend 
well  verfed  in  electricity,  profeffor  Haufiold, 
and  feveral  others,  as  witneffes  and  judges 
of  this  fafit;  but  they  were  prefently  driven 
away  by  the  flench  of  the  fuiphur.  He  flaid 
a  little  longer  himfelf  in  this  fulphureous  at- 
mofphere,  and  was  fo  impregnated  thereby, 
that  his  body,  cloaths,  and  breath  retained 
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the  odour  even  the  next  day.  On  repeating 
this  experiment  in  the  prefence  of  a  perform 
who  was  converfant  with  the  effefis  of  ful- 
phur,  the  figns  of  an  inflamed  blood  were  vi¬ 
able  in  his  mouth  on  the  third  day  *. 

After  this  he  tried  the  effedt  of  a  more 
agreeable  fmell,  and  filled  the  fphere  with 
cinnamon.  When  he  had  heated  this  as  be¬ 
fore,  the  fmeli  of  cinnamon  was  foon  perceiv¬ 
ed  by  the  company,  and  the  whole  room  was 
in  a  fhort  ime  fo  perfumed  by  it,  that  it  im¬ 
mediately  aifedfed  the  notes  of  all  who  came 
in,  and  the  odour  remained  the  next  day. 

He  tried  the  balfam  of  Peru  with  the  like 
fuccefs,  when  his  above  mentioned  friend 
(whole  teftimony,  he  fays,  he  did  not  care  to 
be  without)  after  he  had  received  the  power 
of  the  balfam,  fmelled  fo  ftrong  of  it,  that 
going  abroad  to  fupper,  he  wras  often  afked 
by  the  company  wdiat  prefume  he  had  about 
him.  The  next  day,  when  Mr.  Winckler 
was  drinking  tea,  he  lays,  he  found  an  un~ 
ufual  fweet  tafte,  owing  to  the  fumes  of  the 
balfam  that  ftill  remained  in  his  mouth  f. 

In  a  few  days,  when  the  fphere  had  loft  all 
the  fcent  of  the  balfam,  they  let  a  chain  out 
of  the  chamber  window,  and  extended  it 
through  the  open  air,  into  another  room  de¬ 
tached  from  the  former.  Here  they  fufpend- 
ed  the  chain  on  filken  lines,  and  gave  it  into 
the  hand  of  a  man,  who  alfo  flood  on  extend¬ 
ed  filken  lipes,  and  knew  nothing  of  their 
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purpofe.  When  the  electricity  had  been  ex¬ 
cited  for  fome  time,  the  man  was  afked 
whether  he  fmelled  any  thing ;  and,  on  fluf¬ 
fing  up  his  nofe,  he  faid  he  did.  Being  afk- 
ed  again  what  fmell  it  was,  he  faid  he  did 
not  know..  When  the  electrification  had  been 
continued  for  about  a  quarter  of  an  hour,  the 
room  fmelled  fo  ftrong  of  it,  that  the  man, 
who  knew  nothing  of  the  balfiam,  faid  his 
nofe  was  filled  with  a  fweet  fmell,  like  that 
of  fome  fort  of  balfam.  After  fieeping  in  a 
houfe,  a  considerable  difiance  from  the  room 
where  the  experiment  was  tried,  he  rofe  very 
chearfully  in  the  morning,  and  found  a  more 
pleafant  tafte  than  ordinary  in  his  tea  *. 

I  shall  only  give  an  account  of  two  in¬ 
fiances  of  the  effect  of  medicine  applied  in 
this  manner.  The  afii fiance  of  Signior  Piya- 
ti,  the  celebrated  inventor  of  this  improve¬ 
ment  in  eleCtricity,  was  implored  by  a  young 
gentleman,  who  was  miferabiy  afflicted  by  a 
quantity  of  corrupted  matter  collected  in  his 
foot,  that  eluded  all  the  attempts  of  the  phy- 
ficians.  Signior  Pivati  filled  a  glafs  cylinder 
with  proper  materials  and,  having  electri¬ 
fied  it,  drew  fparks  from  the  part  affeCted, 
and  continued  the  operation  for  fome  minutes. 
When  the  patient  went  to  bed,  he  had  a  good 
night,  and  a  mitigation  of  his  pain.  When 
he  awaked  in  the  morning,  he  found  a  fmall 
red  tubercle  on  his  foot,  which  only  itched, 
as  if  a  cold  humour  had  flowed  through  the 
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inner  part  of  his  foot.  He  fweated  every 
night  for  eight  days  together,  and  at  the  end 
of  that  time  was  perfectly  well. 

After  this,  Signior  Donadoni,  bilhop  of 
Sebenico,  came  to  Signior  Pivati,  attepded  by 
his  phyfician  and  fome  friends.  His  lordfhip 
was  at  that  time  feventy-five  years  old,  and 
had  been  affii&ed  with  pains  in  his  hands  and 
fe  et  for  feveral  years.  The  gout  had  fo  af¬ 
fected  his  fingers,  that  he  was  not  able  to 
move  them  ;  and  his  legs,  fo  that  he  could 
not  bend  his  knees.  In  this  deplorable  fitua- 
tion,  the  poor  old  bifhop  intreated  Signior 
Pivati  to  try  the  effects  of  electricity  on 
him.  The  electrician  undertook  it,  and  pro¬ 
ceeded  after  the  following  manner.  He 
filled  a  glafs  cylinder  with  difcutient  medi¬ 
cines,  and  managed  it  fo,  that  the  eleCtric 
virtue  might  enter  into  the  patient,  who  pre- 
fently  felt  fome  unufual  commotions  in  his 
fingers  ;  and  the  aCtion  of  eledricity  had  been 
continued  but  two  minutes,  when  his  lord¬ 
fhip  opened  and  fhut  both  his  hands,  gave  a 
hearty  fqueeze  to  one  of  his  attendants,  got 
up,  walked,  fmote  his  hands  together,  help¬ 
ed  himfelf  to  a  chair,  and  fat  down,  wonder¬ 
ing  at  his  own  ftrength,  and  hardly  know¬ 
ing  whether  it  was  not  a  dream.  At  length 
he  walked  out  of  the  chamber  down  flairs, 
without  any  aiTiftance,  and  with  all  the  ala^ 
jprity  of  a  young  man  *. 
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A  variety  of  fads  of  this  nature  being 
publiihed,  and  feemingly  well  attefted,  en¬ 
gaged  all  the  electricians  of  Europe  to  repeat 
thefe  experiments  ;  but  none  of  them  could 
fucceed  but  thofe  mentioned  above.  An  ex¬ 
cellent  remark  of  Mr.  Baker’s,  who  advifed 
trying  all  thefe  experiments,  notwithftanding 
their  feeming  very  improbable,  deferves  to 
be  quoted  here.  “  Romantic  as  thefe  things 
<c  may  feem,  they  fhould  not  be  abfolutely 
“  condemned  without  a  fair  trial,  fmce  we 

' 

u  all,  I  believe  remember  the  time,  when, 
thofe  phenomena  in  eledricity,  which  are 
now  the  mo  ft  common  and  familiar  to  us, 
u  would  have  been  thought  defer ving  as  little 
cc  credit  as  the  cafes  under  conftderation  may 
“  feem  to  do,  had  accounts  of  them  been  fent 
^  to  us  from  Rome,  Venice,  or  Bologna, 
“  and  had  we  never  experienced  them  our- 
“  felVesM* 

To  fee  thefe  wonders,  and  to  be  allured  of 
their  truth  or  fallacy,  Mr.  Mollet,  who  was 
deeply  interefted  in  every  thing  that  related 
to  his  favourite  ftudy,  and  who  fet  no  bounds 
to  his  labour  or  expences,  in  the  purfuit  of 
truth,  even  pafled  the  Alps,  and  travelled  in¬ 
to  Italy,  where  he  vifited  all  the  gentlemen 
who  had  publifhed  any  account  of  thefe  expe¬ 
riments.  But  though  he  engaged  them  to  re¬ 
peat  their  experiments  in  his  prefence,  and 
upon  himfelf ;  and  though  he  made  it  his  bu- 
finefs  to  get  all  the  beft  information  he  could 
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.concerning  them,  he  returned,  convinced  that 
the  accounts  of  cures  had  been  much  exagge¬ 
rated;  that  in  no  one  instance  had  odours 
been  found  to  tranfpire  through  the  pores  of 
excited  glafs ;  and  that  *40  drugs  had  ever 
communicated  their  virtues  to  perfons  who 
only  held  them  in  their  hands  while  electri¬ 
fied. 

He  had  no  doubt,  however,  but  that,  by 
continued  electrification,  without  drugs,  fe- 
veral  perfons  had  found  confiderable  relief  in 
various  disorders ;  particularly,  that  a  para-- 
lytic  perfon  had  been  cured  at  Geneva,  and 
that  a  perfon  deaf  of  one  ear,  a  footman  who 
had  a  violent  pain  in  his  head,  and  a  woman 
who  had  a  disorder  ip  her  eyes?  were  cured  at 
Bologna  *. 

The  Englifh  philofophers  fliowed  no  left 
attention  to  this  iubjeCt  than  the  Abbe  Nollet. 
The  Royal  Society  had  received  an  account 
from  Mr.  Winckler  of  his  experiments,  tQ 
prove  the  tranfudation  of  odoriferous  matter 
through  the  pores  of  excited  glafs  ;  and  none 
of  them  fucceeding  here,  the  fecretary  was 
defired  to  write  to  Mr.  Winckler,  in  the 
name  of  the  fociety,  d diring  him  to  tranfmit 
to  them,  not  only  a  circumfiantial  account  of 
his  manner  of  making  the  experiments,  but 
likewife  fome  globes  and  tubes,  fitted  up  by 
himfelf,  for  that  purpofe. 

These  veffels,  and  directions  how  to  ufe 
them,  Mr.  Winckler  actually  fent,  and  the 
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experiments  were  made  with  every  pofflble 
precaution,  at  the  houfe  of  Dr.  Watfon  (the 
moft  interefted  and  active  perfon  in  the  king- 
dom  in  every  thing  relating  to  electricity)  on 
the  i  2th  of  June  1751.  There  were  prefent 
Martin  Folkes,  prefident  of  the  Royal  Society, 
Nicholas  Mann,  Efq.  vice  prefident,  Dr.  Mor¬ 
timer,  and  Peter  Daval,  Efq.  fecretaries,  Mr. 
Canton  a  fellow,  and  Mr.  Shroder,  a  gentle¬ 
man  of  difcinction,  well  known  to,  and  cor- 
refponding  with  Mr.  Winckler.  But,  not- 
withftanding  all  the  pains  thefe  gentlemen 
took,  purfuing,  with  the  utmoft  exaCtnefs,  the 
directions  of  Mr.  Winckler,  and  alfo  uiing 
methods  of  their  own,  which  they  thought 
if  ill  better  adapted  to  force  the  effluvia  through 
the  glafs,  they  were  unfuccefsful.  They 
were  not  able  to  verify  Mr.  Winckler’s  ex¬ 
periments  even  in  one  tingle  inftance 

But  perhaps  the  moft  fatisfaCtory  refuta¬ 
tion  both  of  this  pretended  tranfudation  of 
odours,  and  the  medicinal  effeCis  of  eleClri- 
city  above  mentioned,  was  made  at  Venice, 
the  very  place  where  this  medical  eleCtricity 
took  its  rife.  The  experiments  were  made  by 
Dr.  Bianchini,  profeffor  of  medicine,  in  the 
prefence  of  a  great  number  of  witneftes,  many 
of  them  prejudiced  in  favour  of  the  pretended 
difcoveries ;  but  they  were  all  forced  to  be 
convinced  of  their  futility,  by  the  evidence  of 
faCts,  and  by  experiments  made  with  the 
greateft  care  and  accuracy  'j\ 

t 
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After  the  publication  of  thefe  accounts 
properly  attefted,  every  unprejudiced  perfcn 
was  fatisfied,  that  the  pretended  difcoveries 
from  Italy  and  Leiplick,  which  had  raifed 
the  expedition  of  all  the  eledricians  in  Eu¬ 
rope,  had  no  foundation  in  fad ;  and  that 
no  method  had  yet  been  difcovered  whereby 
the  power  of  medicine  could  by  eledricity 
be  made  to  infmuate  itfelf  into  the  human 
body 

Lastly,  I  would  obferve,  that  Dr.  Frank¬ 
lin  alfo  Aiowed,  by  feveral  experiments,  the 
impoffibility  of  mixing  the  effluvia  or  virtue 
of  medicines  with  the  eledric  fluid 

In  fome  refpeds  fimilar  to  the  experiments 
with  the  medicated  tubes  (as  thofe  mentioned 
above  were  ijfually  called)  was  that  of  pro- 
feffor  Boze,  which  he  termed  the  beatification ; 
and  which,  for  a  long  time,  employed  other 
eledricians  to  repeat  after  him,  but  to  no 
purpofe.  His  defcription  of  this  famous  ex¬ 
periment  was,  that  if,  in  eledrifying,  large 
globes  were  employed,  and  the  eledrified 
perfon  were  placed  upon  large  cakes  of  pitch, 
a  lambent  flame  wmuld  by  degrees  arife  from 
the  pitch,  and  fpread  itfelf  round  his  feet ; 
and  that  from  thence  it  would  be  propagated 
to  his  knees  and  body,  till,  at  laft,  it  afcend- 
ed  to  his  head ;  that  then,  by  continuing  the 
eledrification,  the  perfon’s  head  would  be 
fur  rounded  by  a  glory,  fuch  a  one,  in  fome 
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meafure,  as  is  reprefented  by  painters  in  their 
ornamenting  the  heads  of  faints  A 

This  experiment,  as  well  as  that  of  the 
medicated  tubes,  fet  all  the  electricians  in 
Europe  to  work,  and  put  them  to  a  great  deal 
of  expence  ;  but  none  of  them  could  fucceed, 
fo  as  to  produce  an  appearance  any  thing  like 
that  defcribed  by  Mr.  Boze.  No  perfon  took 
more  pains  in  this  bufmefs  than  Dr.  Watfom 
He  himfelf  underwent  the  operation  feveral 
times,  fupported  by  folid  electrics  three  feet 
high.  Upon  being  electrified  very  ftrongly, 
he  found,  as  be  fays  feveral  other  perfons 
alfo  did,  a  tingling  upon  the  fkin  of  his  head, 
and  in  many  parts  of  his  body,  or  fuch  a  fen- 
fation  as  would  be  felt  from  a  vaft  number  of 
infeCts  crawling  over  him  at  the  fame  time; 
and  he  conftantly  obferved  the  fenfation  to  be 
the  greateft  in  thofe  parts  of  his  body  which 
were  neareft  to  any  non-eledric,  but  ftill  no 
light  appeared  upon  his  head,  though  the  ex¬ 
periment  was  feveral  times  made  in  the  dark, 
and  with  fome  continuance  f . 

At  length  the  Dodor,  wearied  with  thefe 
fnhtlefs  attempts,  wrote  to  the  profeffor,  and 
his  anfwer  fhowed  that  the  whole  had  been  a 
mere  trick.  He  candidly  acknowledged,  that 
he  had  made  ufe  of  a  fuit  of  armour,  which 
was  decked  with  many  bullions  of  fteel,  fome 
pointed  like  nails,  fome  like  wedges,  and 
fome  pyramidal;  and  that  when  the  eleCtrN 
zation  was  very  vigorous,  the  edges  of  the 
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helmet  would  dart  forth  rays,  fomethini 
like  thofe  which  are  painted  on  the  heads 
of  faints.  And  this  was  all  his  boafted  bea¬ 
tification  ** 

This  fame  Mr.  Boze,  who  feems  to  have 
had  a  fingular  affectation  of  fomething  myfte- 
rious  and  marvellous  in  his  experiments,  in  a 
letter  to  the  Royal  Society  at  London,  faid  that 
he  had  been  able,  by  electricity  only,  to  in¬ 
vert  the  poles  of  a  natural  magnet,  to  deftroy 
their  virtue,  and  to  reftore  it  again,  but  he 
did  not  deferibe  his  method  f .  Confidering 
that  no  perfon  in  England  could  fucceed  in 
this  attempt,  and  that  we  are  now  able  to  do 
it  but  imperfeCUy,  it  is  hardly  probable  that 
he  did  it  at  all. 

There  feems  to  have  been  fome  decep¬ 
tion  in  an  experiment  which  the  worthy  and 
excellent  Dr.  Hales  communicated  to  the 
Royal  Society  this  year,  when  he  fays, 
that  he  obferved  the  eleClric  fpark  from 
warm  iron  to  be  of  a  bright  light  colour  • 
from  warm  copper,  green  ;  and  from  a 
warm  egg,  of  a  yellowifh  flame  colour, 
Thefe  experiments,  he  faid,  feemed  to  argue, 
that  fome  particles  of  thofe  different  bodies 
w^ere  carried  off  in  the  eleCtric  flafhes, 
whence  thofe  different  colours  were  ex¬ 
hibited  £. 

I  shall  conclude  this  feCtion,  which 
might  juflly  be  intitled  the  marvellous ,  with 
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mentioning  the  furprifmg  effect  of  an  elec¬ 
tric  fpark  in  fetting  fire  to  a  fuftian  frock, 
on  a  fon  of  Mr.  Robert  Roche,  when  he 
was  electrified  for  fome  diforder.  I  do  not 
queftion  the  fad.  The  experiment  was 
repeated,  and  it  anfwered  again  as  well  as 
at  the  fir  ft  time,  when  it  was  merely  acciden¬ 
tal.  The  paper  containing  this  account 
was  read  at  the  Royal  Society  on  the  29  th  of 
May  \j 4  3  *. 

PERIOD  IX. 

The  experiments  a nd  discoveries  of 
Dr.  FRANKLIN.  . 

4-  v 

SECTION  L 

Dr.  FRANKLIN’s  discoveries  concern¬ 
ing  the  Leyden  phial,  and  others 

CONNECTED  WITH  THEM. 

IT  TE  have  hitherto  feen  what  had  been 
\  V  done  in  eledricity  by  the  Englifh 
philofophers,  and  thofe  on  the  continent  of 
Europe,  till  about  the  year  1750;  but  our 
attention  is  now  ftrongly  called  to  what  was 
doing  on  the  continent  of  America;  where 
Dr.  Franklin  and  his  friends  were  as  affiduous 
in  trying  experiments,  and  as  fuccefsful  in 

*  Phil.  Tranf.  abridged,  Vol.  x.  p.  406. 
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making  difcoveries,  as  any  of  their  brethren 
in  Europe.  For  this  purpofe,  we  muft  look 
back  a  few  years.  As  Dr.  Franklin’s  difco¬ 
veries  were  made  ihtirely  independent  of  any 
in  Europe,  I  was  unwilling  to  interrupt  the 
former  general  account,  by  introducing  them 
in  their  proper  year.  For  the  fame  reafon,  I 
imagine,  it  will  be  generally  more  Agreeable, 
to  fee,  at  one  view/,  what  was  done  in  Ame¬ 
rica  for  fome  confiderable  fpace  of  time,  with¬ 
out  interrupting  this  account  with  what  was 
doing,  in  the  mean  time,  in  Europe.  I  finally 
therefore,  digeft*  in  the  heft  manner  I  can, 
the  three  firit  publications  of  Dr.  Franklin, 
entitled  New  Experiments  and  Obj erv  at  ions  on 
Electricity ,  made  at  Philadelphia  in  America $ 
communicated  in  feveral  letters  to  Peter  Col- 
linfon,  Efq.  of  London,  fellow  of  the  Royal 
Society  ;  the  firft  of  which  is  dated  July  28th, 
1747,  and  the  laft  April  1  8th,  175 4. 

Nothing  was  ever  written  upon  the  fub- 
jedt  of  electricity  which  was  more  generally 
read  and  admired  in  all  parts  of  Europe  than 
thefe  letters.  There  is  hardly  any  European 
language  into  which  they  have  not  been  trans¬ 
lated  ;  and,  as  if  this  were  not  fufficient  to 
make  them  properly  known,  a  tranflation  of 
them  has  lately  been  made  into  Latin.  It  is 
not  eafy  to  fay,  whether  we  are  moil  pleafed 
with  the  fimplicity  and  perfpicuity  with 
which  thefe  letters  are  written,  the  modefty 
with  which  the  author  propofes  every  hypo^ 
thefis  of  his  own,  or  the  noble  franknefs- 
with  which  he  relates  his  miftakes,  when 
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they  were  corrected  by  lubfequent  experi¬ 
ments. 

Though  the  Englifh  have  not  been  back-* 
ward  in  acknowledging  the  great  merit  of 
this  philofopher,  he  has  had  the  fmgular  good 
fortune  to  be,  perhaps  even  more  celebrated 
abroad  than  at  home;  fo  that  to  form  a  juft 
idea  of  the  great  and  deferved  reputation  of 
Dr.  Franklin,  we  muft  read  the  foreign  publ¬ 
ications  on  the  fubjeCt  of  electricity ;  in  many 
of  which  the  terms  Franklinifm *  Franklinijt% 
and  the  Franklinian  fyjlvm  occur  in  almoft 
every  page*  In  coniequence  of  this,  Dr. 
Franklin’s  principles  bid  fair  to  be  handed 
down  to  pofterity,  as  expreffive  of  the  true 
principles  of  electricity  ;  juft  as  the  New¬ 
tonian  philofophy  is  of  the  true  fyftem  of  na¬ 
ture  in  general. 

The  zeal  of  Dr.  Franklin’s  friends,  and 
his  reputation,  were  confiderably  increafed 
by  the  oppofition  which  the  Abbe  Nollet 
made  to  his  theory  i  The  Abbe,  however, 
never  had  any  confiderable  feconds  in  the  con- 
troverfy,  and  thofe  he  had,  1  am  informed, 
have  all  defertedhim. 

The  rife  of  Dr.  Franklin’s  fame  in  France 
was  firft  occafioned  by  a  bad  tranllation  of  his 
letters  falling  into  the  hands  of  Mr.  Buffon, 
intendant  of  the  French  King’s  gardens,  and 
author  of  the  Natural  Hiftory  for  which  he  is 
famous.  This  gentleman,  having  fuccefs- 
fully  repeated  Dr.  Franklin’s  experiments,  en¬ 
gaged  a  friend  of  his,  Mr.  Dalibard,  to  revife 
the  tranflation;  which  was  afterwards  publifh-* 
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ed,  with  a  fhort  hiftory  of  eledricity  prefix¬ 
ed  to  it,  and  met  with  a  very  favourable  re¬ 
ception  from  all  ranks  of  people.  What  con¬ 
tributed  not  a  little  to  the  fuccefs  of  this  pub¬ 
lication,  and  to  bring  Dr.  Franklin’s  prin¬ 
ciples  into  vogue  in  France,  was  a  friend  of 
Mr.  Dalibard’s  exhibiting  Dr.  Franklin’s  ex¬ 
periments  for  money.  All  the  world,  in  a, 
manner,  flocked  to  fee  thefe  new  experiments, 
and  all  returned  full  of  admiration  for  the  in¬ 
ventor  of  them 

Dr.  Franklin  had  difcovered,  as  well  as 
Dr.  Watfon,  that  the  eledric  matter  was  not 
created,  but  colleded  by  fridion,  from  the 
neighbouring  non-eledric  bodies.  He  had 
obferved,  that  it  was  impoflible  for  a  man  to 
eledrify  himfelf,  though  he  flood  upon  glafs 
or  wax  ;  for  that  the  tube  could  communicate 
to  him  no  more  eledricity  than  it  had  received 
from  him  in  the  ad  of  excitation.  He  had 
obferved,  that  if  two  perfons  flood  upon  wax,, 
one  of  which  rubbed  the  tube,  and  the  other 
took  the  fire  from  it,  they  would  both  appear 
to  be  eledrified ;  that  if  they  touched  one  an¬ 
other  after  that  operation,  a  ftronger  fpark 
would  be  perceived  between  them,  than  when 
any  other  perfon  touched  either  of  them ;  and 
that  fuch  a  fpark  would  take  away  the  eledri¬ 
city  of  both  f . 

These  experiments  led  the  Dodor  to  think, 
that  the  eledric  fluid  was  conveyed  from  the 
perfon  who  rubbed  the  tube  to  him  who  touch- 

#  Nollet’s  Letters,  Vol.  i.  p.  4.  , 
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ed  it ;  which  introduced  fome  terms  in  electri¬ 
city  that  had  not  been  ufed  before,  but  have 
continued  in  ufe  ever  fince.  The  perfon  who 
touched  the  tube  was  faid,  by  Dr  Franklin, 
to  be  electrified  pofitively ,  or  plus ;  being  hip¬ 
po  fed  to  receive  an  additional  quantity  of 
eleCtric  fire  :  whereas  the  perfon  who  rubbed 
the  tube  was  faid  to  be  electrified  negatively , 
or  minus ;  being  fuppofed  to  have  loft  a  part 
of  his  natural  quantity  of  the  eleCtric  fluid  *. 

This  obfervation  was  neceffary  to  explain 
the  capital  difcovery  which  Dr,  Franklin  made 
with  refpeCt  to  the  manner  of  charging  the 
Leyden  phial ;  which  is,  that  when  one  fide 
of  the  glafs  is  electrified  pofitively,  or  -plus* 
the  other  fide  is  electrified  negatively,  or  mi¬ 
nus  \  fo  that  whatever  quantity  of  fire  is 
thrown  upon  one  fide  of  the  glafs,  the  fame 
is  thrown  out  of  the  other ;  and  there  is 
really  no  more  eleCtric  fire  in  the  phial  after  it 
is  charged  than  before;  all  that  can  be  done 
by  charging,  being  to  take  from  one  fide, 
and  convey  to  the  other.  Dr.  Franklin  alfo 
obferved,  that  glafs  w'as  impervious  to  electri¬ 
city,  and  that,  therefore,  fince  the  equili¬ 
brium  could  not  be  reftored  to  the  charged 
phial  by  any  internal  communication,  it  mu  ft 
be  done  by  conductors  externally,  joining  the 
infide  and  the  outfide  f. 

These  capital  difcoveries  he  made  by  ob- 
ferving,  that  when  a  phial  was  charged,  a 
cork  ball  fufpended  on  iilk  would  be  attracted 

f  Ibid.  p.  3. 
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by  the  outfide  coating,  when  it  was  repelled 
by  a  wire  communicating  with  the  infide ; 
and  thajt  it  would  be  repelled  by  the  outfide, 
when  it  was  attra&ed  by  the  infide  But 
the  truth  of  this  maxim  appeared  more  evident 
when  he  brought  the  knob  of  the  wire  com* 
municating  with  the  outfide  coating  within  a 
few  inches  of  the  wire  communicating  with 
the  infide  coating,  and  fufpended  a  cork  ball 
between  them ;  for,  in  that  cafe,  the  ball  was 
attra&ed  by  them  alternately,  till  the  phial 
was  difcharged 

The  European  eledricians  had  obferved, 
that  a  phial  could  not  be  charged  unlefs  fome 
conductor  was  in  contad  with  the  outfide ; 
but  Dr.  Franklin  made  the  obfervation  more 
general,  and  alfo  was  able,  by  the  principle 
above  mentioned,  to  give  a  better  account  of 
it.  As  no  more  eledric  fire,  he  fays,  can  be 
thrown  into  the  infide  of  a  phial  when  all  is 
driven  from  the  outfide ;  fo,  in  a  phial  not 
yet  charged,  none  can  be  thrown  into  the 
infide  when  none  can  be  got  from  the  out¬ 
fide.  He  alfo  ftiowed,  by  a  beautiful  expert 
ment,  that,  when  the  phial  was  charged,  one 
fide  loft  exadly  as  much  as  the  other  gained, 
in  reftoring  the  equilibrium.  Hanging  a 
fmall  linen  thread  near  the  coating  of  an  elec¬ 
trified  phial,  he  obferved,  that  every  time  he 
brought  his  finger  near  the  wire,  the  thread 
was  attraded  by  the  coating.  For  as  the  fire 
was  taken  from  the  infide  by  touching  the 

f  Ibid.  p.  5. 
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wire,  the  outfide  drew  in  an  equal  quantity 
by  the  thread*. 

He  proved  that,  in  difcharging  the  phial, 
tfce  giving  from  one  fide  was  exaCUy  equal 
to  the  receiving  by  the  other,  by  placing  a 
perfon  upon  eleCtrics,  and  making  him  dis¬ 
charge  the  phial  through  his  body;  when  hV 
obferved,  that  no  electricity  re/nained  in  him 
after  the  difcharge  f.  He  alfo  hung  cork 
balls  upon  an  infulated  conductor  at  the  time 
of  the  difcharge  of  a  phial  hanging  to  it ;  and 
obferved,  that  if  they  did  not  repel  before  the 
explofion,  they  did  not  repel  at  the  time,  nor 
after  But  the  experiment  which  mod 
completely  proved,  that  the  coating  on  one 
fide  received  juft  as  much  as  was  emitted  from 
the  difcharge  of  the  other,  was  the  follow¬ 
ing. 

He  infulated  his  rubber,  and  then, hanging  a 
phial  to  his  conductor,  he  found  it  could  not 
be  charged,  even  though  his  hand  was  held 
conftantly  to  it ;  becaufe,  though  the  eleCtric 
fire  might  leave  the  outfide  of  the  phial, 
there  was  none  collected  by  the  rubber  to  be 
conveyed  into  the  infide.  He  then  took 
away  his  hand  from  the  phial,  and  forming  a 
communication,  by  a  wire  from  the  outfide 
coating  to  the  infulated  rubber,  he  found 
that  it  was  charged  with  eafe.  In  this  cafe,  it 
was  plain,  that  the  very  fame  fire  which  left 
the  outfide  coating  was  conveyed  by  the  way 
of  the  rubber,  the  globe,  the  conductor, 

*  Franklin’s  Letters,  p.  5.  t  Ibid  p,  8. 
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and  the  wire  of  the  phial,  into  the  in— 
fide  *. 

Dr.  Franklin’s  new  theory  of  charging 
the  Leyden  phial  led  him  to  obferve  a  greater 
variety  of  fads,  relating  both  to  charging  and 
difcharging  it,  than  other  philofophers  had 
attended  to.  He  found  that  the  phial  would 
be  eledrified  as  ftrongly  if  it  were  held  by 
the  hook,  and  the  coating  applied  to  the 
globe  or  tube,  as  if  it  were  held  by  the  coat¬ 
ing,  and  the  hook  applied;  and,  confequent- 
ly,  that  there  would  be  the  fame  explofion, 
and  fhock,  if  the  eledrified  phial  were  held 
in  one  hand  by  the  hook,  and  the  coating 
touched  with  the  other,  as  when  held  by  the 
coating,  and  touched  at  the  hook.  To  take 
the  charged  phial  by  the  hook  with  fafety, 
and  not  diminifh  its  force,  he  obferves, 
that  it  muft  firft  be  fet  down  upon  eledrics 
per  fe  *f% 

Dr.  Franklin  obferved,  that  if  a  man 
held  in  his  hand  two  phials,  the  one  fully 
eledrified,  and  the  other  hot  at  all,  and 
brought  their  hooks  together, Tie  would  have 
but  half  a  Ihock :  for  the  phials  would  both 
remain  only  half  eledrified,  the  one  being 
half  charged,  and  the  other  half  difcharged 

If  two  phials  were  charged  both  through 
their  hooks,  a  cork  ball  fufpended  on  filk, 
and  hanging  between  them,  would  firft  be  at- 
traded,  and  then  repelled  by  both  ;  but  if 
they  were  eledrified,  the  one  through  the 

*  Franklin’s  Letters,  p,  83.  f  Ibid.  p.  19. 
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wire,  and  the  other  through  the  coating,  the 
ball  would  play  vigoroufly  between  them 
both,  till  they  were  nearly  difcharged  *.  The 
DpCtor  did  not,  at  that  time,  take  notice, 
that  if  the  phials  were  both  charged  through 
their  coatings  (by  which  both  the  hooks 
would  have  been  electrified  minus)  the  ball 
would  be  repelled  by  them  both,  as  when 
they  were  electrified  plus.  And  when  he, 
afterwards,  obferved  that  two  bodies  eleCtri- 
fied  minus  repelled  one  another,  he  feems  to 
have  been  furprifed  at  the  appearance,  and  ac¬ 
knowledged  that  he  could  not  fatisfadtorily 
account  for  it  j\ 

It  was  known  to  every  electrician,  that  a 
globe  or  tube  wet  on  the  infide  would  afford 
little  or  no  fire;  but  no  good  reafon  was 
given  for  it,  before  Dr.  Franklin  attempted 
its  explanation  by  the  help  of  his  general 
maxim.  He  fays,  that  when  a  tube  lined 
with  any  non-eleCtric  is  rubbed,  what  is  col¬ 
lected  from  the  hand  by  the  downward  ftroke 
enters  the  pores  of  the  glafs,  driving  an  equal 
quantity  out  of  the  inner  furface,  into  the  non¬ 
electric  lining;  and  that  the  hand,  in  paffing 
up  to  take  a  fecond  ftroke,  takes  out  again 
what  had  been  thrown  into  the  outward  fur- 
face,  the  inner  furface  at  the  fame  time  re¬ 
ceiving  back  again  what  it  had  given  to  the 
non-eleCtric  lining ;  fo  that  the  particles  of  the 
eleCtric  fluid  go  in  and  out  of  their  pores, 
upon  every  ftroke  given  to  the  tube  q. 


*  Franklin’s  Letters, 
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If,  in  thefe  circumftances,  a  wire  was  put 
into  the  tube,  he  obferved,  that,  if  one  per^ 
fon  touched  the  wire,  while  another  was 
rubbing  the  tube,  and  took  care  to  withdraw 
his  finger  as  foon  as  he  had  taken  the  (park, 
which  had  been  made  to  fly  from  the  infide, 
it  would  be  charged 

If  the  tube  was  exhaufted  of  air,  he  ob- 
ferves,  that  a  non- eleCtric  lining  in  contact 
with  the  wire  was  not  neceflary ;  for  that,  iq 
vacuo,  the  eleflric  fire  would  fly  freely  frorq 
the  inner  furface,  without  a  non-ele£tric  con-?- 
dudor  f. 

Upon  the  fame  principle  he  accounts  f&c 
the  effedls  of  an  excited  eleCtric  being  per¬ 
ceived  through  the  glafs  in  the  vacuum  be¬ 
yond  it.  The  tube  and  its  excited  atmo^ 
fphere,  being  brought  near  a  glafs  veflel, 
repels  the  ele&ric  fluid  from  the  inner  fur- 
face  of  the  glafs ;  and  this  fluid,  ifluing 
from  the  inner  furface  ads  upon  light  bodies 
in  the  vacuum,  both  in  its  pafiage  from  the 
glafs,  and  likewife  in  its  return  to  it,  when 
the  excited  eledric  on  the  oqtfide  is  with¬ 
drawn  J. 

This  maxim,  that  whatever  the  phial  takes 
in  at  one  furface  it  lofes  at  the  other,  led  Dr. 
Franklin  to  think  of  charging  feveral  phials 
together  with  the  fame  trouble,  by  connect¬ 
ing  the  on tlide  of  one  with  the  inflde  of  an¬ 
other;  whereby  the  fluid  that  was  driven  out 
of  the  firft  would  be  received  by  the  fecond, 

*  Franklin’s  Letters,  p*  y j;  Ibid. 
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and  what  was  driven  out  of  the  fecond  would 
be  receiver  by  the  third,  &c.  By  this  means 
he  found,  that  a  great  number  of  bottles 
might  be  charged  with  the  fame  labour  as 
one  only;  and  that  they  might  be  charged 
equally  high,  were  it  not  that  every  bottle 
receives  the  new  fire,  and  lofes  its  old  with 
fome  reluctance,  or  rather  gives  fome  fmall 
refiftance  to  the  charging.  This  cirumftance, 
he  fays,  in  a  number  of  bottles,  becomes 
more  equal  to  the  charging  power,  and  fo  re¬ 
pels  the  fire  back  again  on  the  globe  fooner 
than  a  fingle  bottle  would  do  *. 

Upon  this  principle  Dr.  Franklin  confiruCt- 
ed  an  eleBrical  battery ,  confifting  of  eleven 
panes  of  large  fafh  glafs,  coated  on  each  fide, 
and  fo  connected,  that  charging  one  of  them 
would  charge  them  all.  Then  having  a  con¬ 
trivance  to  bring  all  the  giving  fides  in  con¬ 
tact  with  one  wire,  and  all  the  receiving  fides 
with  another,  he  united  the  force  of  all  the 
plates,  and  difcharged  them  all  at  once  f . 

When  Dr.  Franklin  firft  began  his  experi¬ 
ments  upon  the  Leyden  phial,  he  imagined 
that  the  eleCtric  fire  was  all  crowded  into  the 
fufiftance  of  the  non-eleCtric  in  contaCt  with 
the  glafs;  but  he  afterwards  found,  that  its 
power  of  giving  a  fhock  lay  in  the  glafs  fi¬ 
fe  If,  and  not  in  the  coating,  by  the  following 
ingenious  analyfis  of  the  bottle. 

In  order  to  find  where  the  ftrength  of  the 
charged  bottle  lay,  he  placed  it  upon  glafs; 

f  Ibid,  p.  2 6. 
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then  firft  took  out  the  cork  and  the  wire,  and 
finding  the  virtue  was  not  in  them  ;  he  touch¬ 
ed  the  outfide  coating  with  one  hand,  and 
put  the  finger  of  the  other  into  the  mouth  of 
the  bottle ;  when  the  {hock  was  felt  quite  as 
ftrong  as  if  the  cork  and  wire  had  been  in  it. 
He  then  charged  the  phial  again,  and  pom*” 
ing  out  the  water  into  an  empty  bottle  in- 
fulated,  expedted  that  if  the  force  refided  in 
the  water  it  would  give  the  fhock,  but  he 
found  it  gave  none.  He  then  judged  that 
the  eledtric  fire  muft  either  have  been  loft  in 
decanting,  or  muft  remain  in  the  bottle ;  and 
the  latter  he  found  to  be  true ;  for,  filling  the 
charged  bottle  with  frefh  water,  he  found 
the  fhock,  and  was  fatisfied  that  the  power  of 
giving  it  refided  in  the  glafs  itfelf 

The  Dodtor  made  the  fame  experiment 
with  panes  of  glafs,  laying  the  coating  on 
lightly,  and  changing  it,  as  he  had  before 
changed  the  water  in  the  bottle,  and  the  re- 
fult  was  the  fame  in  both  f.  This  experi¬ 
ment  is  more  fatisfadtory  than  the  former ; 
becaufe,  when  the  water  is  poured  out  of  the 
phial,  there  ftili  remains  a  thin  coating  of  the 
fluid,  which  might  be  thought  to  contain  the 
power  of  giving  a  fhock. 

That  the  eledtric  fire  refided  in  the  glafs, 
was  alfo  farther  evident  from  this  confidera- 
tion,  that  when  glafs  was  gilt,  the  difcharg- 
ing  of  it  would  make  a  round  hole,  tearing 
off  a  part  of  the  gilding,  which,  the  Dodior 

*  Franklin’s  Letters  p.  24.  f  Ibid,  p  25. 
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thought,  could  only  have  been  done  by  the 
fire  coming  out  of  the  glafs  through  the  gild¬ 
ing.  He  alfo  fays,  that  when  the  gilding 
was  varnilhed  even  with  turpentine,  this  var- 
nifh,  though  dry  and  hard,  would  be  burned 
by  the  fpark  driven  through  it,  yielding  a 
ftrong  fmell,  and  a  vifible  fmoke.  Alfo, 
that  when  a  fpark  was  driven  through  paper, 
it  would  be  blackened  by  the  fmoke,  which 
fometimes  penetrated  feveral  of  the  leaves,  and 
that  part  of  the  gilding  which  had  been  tom 
off  was  found  forcibly  driven  into  the  hole 
made  in  the  paper  by  the  ftroke.  He  alfo 
obferved,  that  when  a  thin  bottle  was  broken 
by  a  charge,  the  glafs  was  broken  inwards, 
at  the  fame  time  that  the  gilding  was  broken 
outwards 

Lastly,  Dr. Franklin  difcovered,  that  fe¬ 
veral  fubftances  which  would  conduct  elec¬ 
tricity  in  general,  would  not  conduct  the 
(hock  of  a  charged  phial.  A  wet  packthread, 
for  inftance,  though  it  tranfmitted  electricity 
very  well,  fometimes  failed  to  condudt  a 
(hock ;  as  alfo  did  a  cake  of  ice.  Dry  earth 
too  rammed  into  a  glafs  tube  intirely  failed 
to  conduct  a  fhock,  and  indeed  would  convey 
eie&ricity  but  very  imperfectly  f . 

*  Franklin’s  Letters,  p.  32.  f  Ibid.  p.  33. 
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SECTION  II. 

Dr.  FRANKLIN’s  piscoveries  concern¬ 
ing  THE  SIMILARITY  OF  LIGHTNING  AND 
ELECTRICITY. 

E  greateft  difcovery  whichDr.  Frank- 
lin  made  concerning  eledricity,  and 
which  has  been  of  the  greateft  pradical  ufe 
to  mankind,  was  that  of  the  perfed  fimilari- 
ty  between  eledricity  and  lightning.  The 
analogy  between  thefe  two  powers  had  not 
been  wholly  unobferved  by  philofophers,  and 
efpecially  by  eledricians,  before  the  publica¬ 
tion  of  Dr.  Franklin’s  difcovery.  It  was  fo 
obvious,  that  it  had  ftruck  feveral  perfons.  I 
Ihall  give  one  inftance,  in  the  fagacious  Abbe 
Nollet. 

The  Abbe  fays* *,  If  any  one  fhould 
take  upon  him  to  prove,  from  a  well  con- 
<c  neded  comparifon  of  phenomena,  that 
thunder  is,  in  the  hands  of  nature,  what 
<c  eledricity  is  in  ours,  that  the  wonders 
fiC  which  we  now  exhibit  at  our  pleafure  are 

*c  little  imitations  of  thofe  great  effeds  which 
u  frighten  us,  and  that  the  whole  depends 
tc  upon  the  fame  mechanifm;  if  it  is  to  be  de- 
“  monftrated,  that  a  cloud,  prepared  by  the 
“  adion  of  the  winds,  by  heat,  by  a  mix- 
u  ture  of  exhalations,  &c.  is  oppofite  to  a 

*  Leqons  de  Phyfique,  Vo!.  iv,  p,  34. 
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€‘  terreftrial  objeCt ;  that  this  is  the  ele&rized 
<c  body,  and,  at  a  certain  proximity  from 
n  that  which  is  not ;  I  avow  that  this  idea,  if 
<4  it  was  well  fupported,  would  give  me  a 
44  great  deal  of  pleafure ;  and  in  fupport  of 
44  it,  how  many  fpecious  reafons  prefent 
44  themfelves  to  a  man  who  is  well  acquaint- 
44  ed  with  electricity.  The  univerfality  of  the 
44  eleCtric  matter,  the  readinefs  of  its  aCtion, 

44  its  inflammability,  and  its  activity  in  giv- 
44  ing  fire  to  other  bodies,  its  property  of 
44  ftriking  bodies  externally  and  internally, 
44  even  to  their  fmalleft  parts,  the  remarkable 
44  example  we  have  of  this  effect  in  the  ex- 
44  periment  of  Leyden,  the  idea  which  we 
44  might  truly  adopt  in  fuppofing  a  greater 
‘4  degree  of  electric  power,  &c,  all  thefe 
44  points  of  analogy,  which  I  have  been  fome 
44  time  meditating,  begin  to  make  me  be- 
44  lieve,  that  one  might,  by  taking  eledtrici- 
44  ty  for  the  model,  form  to.  one’s  felf,  in  re- 
44  lation  to  thunder  and  lightning,  more  per- 
44  fe£t  and  more  probable  ideas  than  what 
44  have  been  offered  hitherto,  &c.” 

Mr.  Winckler  alfo  enumerated  many 
particulars,  in  which  electricity  and  lightning 
refemble  one  another  *. 

But  though  the  Abbe,  and  others,  had 
been  ftruck  with  the  obvious  analogy  be¬ 
tween  lightning  and  electricity,  they  went  no 
farther  than  thefe  arguments  a  priori \  It  was 
Dr.  Franklin  who  firft  propofed  a  method  of 

verifying 


*  Dantzick  Memoirs,  Vol.  iiu  p.  528. 
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verifying  this  hypothefis,  entertaining  thd 
bold  thought,  as  the  Abbe  Nolle, t  expreffes 
it,  of  bringing  lightning  from  the  heavens* 
of  thinking  that  pointed  iron  rods,  fixed  in 
the  air,  when  the  atmofphere  was  loaded  with 
lightning,  might  draw  from  it  the  matter  of 
the  thunderbolt,  and  difcharge  it  without 
noife  or  danger  into  the  immenfe  body  of 
the  earth,  where  it  would  remain  as  it  were 
abforbed. 

Moreover,  though  Dr.  Franklin’s  direc¬ 
tions  were  firft  begun  to  be  put  in  execution 
in  France,  he  himfelf  completed  the  demon- 
fir  a  tion  of  his  own  problem,  before  he  heard 
of  what  had  been  done  elfewhere :  and  he 
extended  his  experiments  fo  far  as  actually  to 
imitate  aim  oft  all  the  known  effeCts  of  light¬ 
ning  by  electricity,  and  to  perform  every  elec¬ 
trical  experiment  by  lightning. 

But  before  I  relate  any  of  Dr.  Franklin’s 
experiments  concerning  lightning,  I  muft 
take  notice  of  what  he  obferved  concerning 
the  power  of  pointed  bodies ,  by  means  of 
which  he  was  enabled  to  carry  his  great  de¬ 
fig  ns  into  execution.  For  he  was  properly 
the  firft  who  obferved  the  intire  and  wonder¬ 
ful  effect  of  pointed  bodies,  both  in  drawing, 
and  throwing  off  the  eleCtric  fire. 

It  was  a  fmall  ftep  towards  difcovering  the 
effeCt  of  pointed  bodies,  that  Carolus  Auguftus 
van  Bergen,  profeffor  of  medicine  at  Frank¬ 
fort  on  the  Oder,  obferved  that  fparks  taken 
from  a  polifhed  body  were  ftronger  than  thofe 
from  a  rough  one.  He  could  fire  fpirit  eafily 
6  with 
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with  a  polifhed  conductor,  but  with  difficulty 
by  means  Gf  one  not  polifhed*. 

Mr.  Jallabert  was  perhaps  the  firft 
who  obferved  that  a  body,  pointed  at  one 
end,  and  round  at  another,  produced  diffe¬ 
rent  appearances  upon  the  fame  body,  ac¬ 
cording  as  the  pointed,  or  round  end  was 
prefented  to  it.  But  as  Mr.  Nollet,  in  whofe 
prefence  he:  made  the  experiment,  fays,  the 
effeCt  was  not  conftant,  and  nothing  was  in¬ 
ferred  from  itf.  And  the  Abbe  acknow¬ 
ledges,  that  Dr.  Franklin  was  the  firft  who 
fhowed  the  property  of  pointed  bodies,  in 
drawing  off  electricity  more  effectually,  and 
at  greater  diftances  than  other  bodies  could 
do  it  J. 

He  eledrified  an  iron  fhot,  three  or  four 
inches  in  diameter,  and  obferved,  that  it 
would  not  attraCt  a  thread,  when  the  point  of 
a  needle  was  prefented  to  it ;  but  that  this  was 
not  the  cafe,  unlefs  the  pointed  body  had  a 
communication  with  the  earth ;  for,  prefent- 
ing  the  fame  pointed  body,  ftuck  on  a  piece 
of  feaiing  -  wax,  it  had  not  that  effeCt ;  though 
the  moment  the  pointed  body  was  touched 
with  his  finger,  the  ele&ricity  of  the  ball  to 
which  it  was  fufpended  wras  difcharged.  The 

*  Dantzick  Memoirs,  Vol.  ii.  p.  378. 

f  Lettres,  Vol.  i.  p.  130. 

X  Recherchcs,  p.  132.  Dr.  Franklin,  in  the  new  edition  of 
his  Letters,  p.  fays,  that  the  power  of  points  to  throw  off 
the  eledric  fire,  was  communicated  to  him  by  his  friend 
Mr.  Thom  as  Hopkinfon,  who  eledrified  an  iron  ball  of  three 
or  four  inches  diameter,  with  a  needle  fattened  to  it,  exped¬ 
ite  to  draw  a  fironp-er  fpark  from  the  point,  as  from  a  kind  of 
fo  cus,  but  was  furprifed  to  find  little  or  none. 

coaverfe 
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converfe  of  this  he  proved,  by  finding  it  im~ 
poffible  to  electrify  the  iron  fhot  when  a  fharp 
needle  lay  upon  it*. 

By  observing  points  of  different  degrees  of 
acutenefs,  Dr.  Franklin  correded  the  con- 
clufion  of  Mr.  Ellicott,  and  other  Englifb. 
eledricians,  that  a  pointed  body,  as  a  piece 
of  leaf  gold,  would  always  be  fufpended 
nearer  to  the  plate  which  was  uneledrified 
than  that  which  was  eledrified,  if  it  were 
put  between  them*  For  the  Dodor  obferv- 
ed,  that  it  always  removed  fartheft  from  that 
plate  to  which  its  fharpeft  point  was  prefent- 
ed,  whether  it  was  eledrified  or  not ;  and  if 
one  of  the  points  was  very  blunt,  and  the 
other  very  fharp,  it  would  be  fufpended  in 
the  air  by  its  blunt  end,  near  the  eledrified 
body,  without  any  uneledrified  plate  being 
held  below  it  at  all  f . 

Dr.  Franklin  endeavoured  to  account 
for  this  effed  of  pointed  bodies,  by  fuppof- 
ing  that  the  bafe  on  which  the  eledric  fluid 
at  the  point  of  an  eledrified  body  refted,  be¬ 
ing  final  I,  the  attradion  by  which  the  fluid 
was  held  to  the  body  was  flight ;  and  that, 
for  the  fame  reafon,  the  refiftance  to  the  en¬ 
trance  of  the  fluid  was  proportionably  weaker 
in  that  place  than  where  the  furface  was 
flat  J.  But  he  himfelf  candidly  owns,  that 
he  was  not  quite  fatisfied  with  this  hypothefis. 
Whatever  we  think  of  Dr.  Franklin’s  theory 
of  the  influence  of  pointed  condudors  in 

*  Franklin’s  Letters,  p.  56,  &c.  t  Ibid.  p.  67. 

|  Ibid.  p.  56. 
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drawing  and  throwing  off  the  eledric  fluid, 
the  world  is  greatly  indebted  to  him  for  the 
practical  ufe  he  made  of  this  dodrine  *. 

The.  manner  in  which  Dr,  Franklin  firft 
tonceived  the  practicability  of  drawing  light-* 
ning  from  the  clouds  may  be  feen  in  an 
extradt  which  he  has  given  us  from  his  me  ■ 
morandums,  November  yth, '  1 7 4 9 &  After 
enumerating  all  the  known  points  of  refem- 
blance  between  lightning  and  electricity,  he 
concludes  with  faying,  “The  eledric  fluid  is  at- 
“  traded  by  points.  We  do  not  know  whether 
**  this  property  be  in  lightning,  but  flnce  they 
“  agree  in  all  the  particulars  in  which  we  can 
sc  already  compare  them,  it  is  not  probable  that 
u  they  agree  likewife  in  this*  Let  the  experl- 
“  ment  be  made.”  Every  circumftance  relating 
to  a  difcovery  of  fo  much  importance  as  this, 
is  mterefting  and  pleafing 

Dr.  F  ran klin  begins  his  account  of  the 
fimilarity  of  the  eledric  fluid  and  lightning 
by  cautioning  his  readers  not  to  be  daggered 
at  the  great  difference  of  the  effeds  in  point 
of  degree;  fince  that  is  no  argument  of  any 
dilparity  in  their  nature.  It  is  no  wonder, 
fays  he,  if  the  effeds  of  the  one  fhould  he  fo 
much  greater  than  thofe  of  the  other.  For  if  ' 
two  gun  barrels’  eledrined  will  fif ike  at  two 
inches  diflance,  and  make  a  loud  report,  at 
how  great  a  diftance  will  ten  thoufand 
acres  of  electrified  cloud  ftrike,  and  give 

#  Franklin’s  Letters,  p.  62. 
t  Letters,  New  Edit.  p.  323, 
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its  fire*  and  how  loud  muft  be  that 

crack  *  ! 

I  shall  digeft  all  Dr.  Franklin’s  obferva- 
tions  concerning  lightning  under  the  feveral 
points  of  refemblance  which  he  obferved  be¬ 
tween  it  and  electricity,  mentioned  thefe 
points  of  fimilarity  in  the  order  in  which  he 
himfelf  remarked  them;  only  bringing  into 
one  place  the  obfervations  which  may  hap¬ 
pen  to  lie  in  different  parts  of  his  letters, 
when  they  relate  to  the  fame  fubjeCt. 

1.  Flashes  of  lightning,  he  begins  with 
obferving,  are  generally  feen  crooked,  and 
waving  in  the  air.  The  fame,  fays  he,  is 
the  eleCtric  fpark  always,  when  it  is  drawn 
from  an  irregular  body  at  fome  diftance  •f*. 
He  might  have  added,  when  it  is  drawn  by 
an  irregular  body,  or  through  a  fpace  in 
which  the  bell  conductors  are  difpofed  in  an 
irregular  manner,  which  is  always  the  cafe 
in  the  heterogeneous  atmofphgre  of  our 
globe. 

2.  Lightning  ftrikes  the  higheft  and 
moll  pointed  objeCts  in  its  way  preferably  to 
others,  as  high  hills,  and  trees,  towers, 
fpires,  mails  of  fhips,  points  of  fpears,  &c. 
In  like  mahner,  all  pointed  conductors  re¬ 
ceive  or  throw  off  the  eledtric  fluid  more 
readily  than  thofe  which  are  terminated  by 
flat  far  faces  L 

2.  Lightning  is  obferved  to  take  the 
read  left  and  beft  conductor.  So  does  eleCtri- 

*  Franklin’s  Letters,  p.  44.  -f  Ibid.  p.  46. 

%  Ibid.  p.  47. 
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City  in  the  difcharge  of  the  Leyden  phial.  For 
this  reafon,  the  Dodor  fuppofes  that  it  would 
be  fafer,  during  a  thunder  ftorm,  to  have  one’s 
cloaths  wet  than  dry,  as  the  lightning  might 
then,  in  a  great  meafure,  be  tranfmitted  to 
the  ground,  by  the  water,  on  the  outfide  of 
the  body.  It  is  found,  fays  he,  that  a  wet 
rat  cannot  be  killed  by  the  explofiori  of  the 
eleclrical  bottle,  but  that  a  dry  rat  may 

4.  Lightning  burns.  So  does  eledrici- 
tv.  Dr.  Franklin  fays,  that  he  could  kindle 
with  it  hard  dry  rofm,  fpirits  unwarmed,  and 
even  wood.  He  fays,  that  he  tired  gun- 
powder,  by  only  ramming  it  hard  in  a  car* 
tridge,  into  each  end  of  which  pointed  wires 
were  introduced,  and  brought  within  half  an 
inch  of  one  another,  and  di (charging  a  (hock 
through  them  f . 

5.  Lightning  fometlmes  di  halves  metals. 
So  does  eledricity,  though  the  Dodor  was 
niiftaken  when  he  imagined  it  was  by  a  cold 
fufion,  as  will  appear  in  its  proper  place. 
The  method  in  which  Dr»  Franklin  made  elec¬ 
tricity  melt  metals  was  by  putting  thin  pieces 
of  them  between  two  paries  of  glafs  bound 
fa  ft  together,  and  fending  an  eledric  fhock 
through  them.  Sometimes  the  piece  of 
glafs,  by  which  they  were  confined,  would 
be  (hattered  to  pieces  by  the  difcharge,  and 
be  broken  into  a  kind  of  coarfe  fand,  which 
once  happened  with  pieces  of  thick  looking- 
glafs ;  but  if  they  remained  whole,  the  piece 

4  Ibid.  p.  48,  9 2, 
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of  metal  would  be  miffing  in  feveral  places 
where  it  had  lain  between  them,  and  inftead 
of  it,  a  metallic  {tain  would  be  feen  on  both 
the  glaffes,  the  {tains  on  the  under  and 
upper  glafs  being  exactly  fimilar  in  the  mi* 
nuteft  ftroke  *. 

A  piece  of  leaf  gold  treated  in  this  manner 
appeared  not  only  to  have  been  melted,  but, 
as  the  Doctor  thought,  even  vitrified,  or 
otherwife  fo  driven  into  the  pores  of  the  glafs, 
as  to  be  protected  by  it  from  the  action  of  the 
ftrongeft  aqua  regis.  Sometimes  he  obferved 
that  the  metallic  ftains  would  fpread  a  little 
wider  than  the  breadth  of  the  thin  pieces  of 
metal.  True  gold,  he  obferved,  made 
darker  {lain,  fomewhat  reddifh,  and  filver  a 
greenilh  ftainf. 

Mr.  Wilson  fuppofes  that,  in  this  expe¬ 
riment,  the  gold  was  not  driven  into  the 
pores  of  the  glafs,  but  only  into  fo  near  a 
contact  with  the  furface  of  the  glafs,  as  to  be 
held  there  by  an  exceedingly  great  force ;  fuch 
an  one,  he  fays,  as  is  exerted  at  the  furface  of 
all  bodies  whatever  J. 

6.  Lightning  rends  fome  bodies.  The 
fame  does  electricity  §.  The  DoCtor  obferves, 
that  the  ele&ric  fpark  would  ftrike  a  hole 
through  a  quire  of  paper.  When  wood, 
bricks,  ftone,  &c.  are  rent  by  lightning,  he 
takes  notice,  that  the  fplinters  will  fly  off  on 

that  fide  where  there  is  the  leaft  refiftance. 

/ 

#  Franklins  Letters,  p.  48,  65.  f  Ibid,  p0  6S. 

J  Jioadleyand  Wilton,  p.  68. 

§  Franklin’s  Letters,  p.  49. 
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In  like  manner,  he  fays,  when  a  hole  is 
ftruck  through  a  piece  of  pafteboard  by  an 
electrified  jar,  if  the  furfaces  of  the  pafte¬ 
board  are  not  confined  and  compreffed,  there 
will  be  a  bur  raifed  all  round  the  hole  on  both 
fides  of  the  pafteboard  ;  but  that  if  one  fide  be 
confined,  fo  that  the  bur  cannot  be  raifed  on 
that  fide,  it  will  all  be  raifed  on  the  other 
fide,  which  way  foever  the  fluid  was  directed. 
For  the  bur  round  the  outfide  of  the  hole  is 
the  effect  of  the  exploit  on,  which  is  made 
every  way  from  the  center  of  the  eleCtric 
ftream,  and  not  an  effeCt  of  its  direction 

7.  Lightning  has  often  been  known  to 
ftrike  people  blind.  And  a  pigeon,  after  a 
violent  fhock  of  eleCtricity,  by  which  the 
DoCtor  intended  to  have  killed  it,  was  ob- 
ferved  to  have  been  ftruck  blind  likewife  *j\ 

8.  In  a  thunder  ftorm  at  Stretham,  de^- 
fcribed  by  Dr.  Miles  the  lightning  ftripped 
off  feme  paint  which  had  covered  a  gilded 
molding  of  a  pannel  of  wainfcot,  without 
hurting  the  reft  of  the  paint.  Dr.  Franklin 
imitated  this,  by  pafting  a  flip  of  paper  over 
the  filleting  of  gold  on  the  cover  of  a  book, 
and  fending  an  eleCtric  flafh  through  it.  The 
paper  was  torn  off  from  end  to  end,  with 
fuch  force,  that  it  was  broken  in  feveral 
places  ;  and  in  others  there  was  brought  away 
part  of  the  grain  of  the  Turkey  leather  in 

which  the  book  was  bound.  This  convinced 

* 

*  Franklin’s  Letters,  p.  124.  f  Ibid.  p.  63, 

%  Phil.  Tranf.  abridged,  Voh  xlv,  pf  387. 
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the  Bodor,  that  if  it  had  been  paint,  it 
would  have  been  ftripped  off  in  the  fame 
manner  with  that  on  the  wainfcot  at  Stret- 
ham  *. 

9.  Lightning  deftroys  animal  life.  Ani¬ 
mals  have  likewife  been  killed  by  the  fhock 
of  electricity.  The  largeft  animals  which 
Dr.  Franklin  and  his  friends  had  been  able  to 
kill  were  a  hen,  and  a  turkey  which  weighed 
about  ten  pounds  f. 

10.  Magnets  have  been  obferved  to  lofe 

« 

their  virtue,  or  to  have  their  poles  reverfed  by 
lightning.  The  fame  did  Dr.  Franklin  by 
eledricity.  By  eledricity  he  frequently  gave 
polarity  to  needles,  and  reverfed  them  at 
pleafure,  A  fhock  from  four  large  jars,  fent 
through  a  fne  fewing  needle,  he  fays,  gave 
it  polarity,  fo  that  it  would  traverfe  when  laid 
on  water.  What  is  moft  remarkable  in  thefe 
eleCtrical  experiments  upon  magnets  is,  that 
if  the  needle,  when  it  wTas  ftruck,  lay  Eaft 
and  Weft,  the  end  which  was  entered  by  the 
eleCtric  blaft  pointed  North,  but  that  if  it  lay 
North  and  South,  the  end  which  lay  towards 
the  North,  would  continue  to  point  North, 
whether  the  fire  entered  at  that  end  or  the 
contrary  ;  though  he  imagined,  that  a 
ftronger  ftroke  would  have  reverfed  the  poles 
even  in  that  fituation,  an  effeCt  which  had 
been  known  to  have  been  produced  by  light¬ 
ning.  He  alfo  obferved,  that  the  polarity 
Was  ftrongeft  when  the  needle  was  ftruck  !y~ 

*  Phil.  Tranf.  abridged,  Vo  1.  xlv.  p.  64. 
f  FrapklijaA  Letters,  p.  86,  153, 
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ing  North  and  South,  and  weakeft  when  It 
lay  Eaft  and  Weft,  He  takes  notice  that,  in 
thefe  experiments,  the  needle,  in  fome  cafes, 
would  be  finely  blued,  like  the  fpring  of  a 
watch,  by  the  eleCtric  flame ;  in  which  cafe 
the  colour  given  by  a  flafli  from  two  jars  on¬ 
ly  might  be  wiped  off,  but  that  a  flafh  from 
four  jars  fixed  it,  and  frequently  melted  the 
needles.  The  jars  which  the  DoCtor  ufed 
held  feven  or  eight  gallons,  and  were  coated 
and  lined  wflth  tinfoil 

To  demonftrate,  in  the  completed  manner 
poffible,  the  famenefs  of  the  eleCtric  fluid 
with  the  matter  of  lightning,  Dr.  Franklin, 
aftonifhing  as  it  muft  have  appeared,  contriv¬ 
ed  actually  to  bring  lightning  from  the  heavens, 
by  means  of  an  electrical  kite,  which  he 
raifed  when  a  ftorm  of  thunder  was  perceived 
to  be  coming  on.  This  kite  had  a  pointed 
wire  fixed  upon  it,  by  which  it  drew  the 
lightning  from  the  clouds.  This  lightning 
defcended  by  the  hempen  firing,  and  was  re¬ 
ceived  by  a  key  tied  to  the  extremity  of  it  ; 
that  part  of  the  firing  which  was  held  in  his 
hand  being  of  filk,  that  the  eleCtric  virtue 
might  ftop  when  it  came  to  the  key.  He  found 
that  the  firing  would  conduct  electricity  even 
when  nearly  dry,  but  that  when  it  was  wet, 
it  would  condudt  it  quite  freely ;  fo  that  it 
would  ft  ream  out  plentifully  from  the  key,  at 
the  approach  of  a  perfon’s  finger  f. 

*  Franklin’s  Letters,  p  90,  &c.  f  Ibid,  p.  xq6, 
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At  this  key  he  charged  phials,  and  frotu 
eleelric  fire  thus  obtained,  he  kindled  fpirits^ 
and  performed  all  other  ele&rical  experiment^ 
which  are  ufually  exhibited  by  an  excited 
globe  or  tube. 

As  every  circumftance  relating  to  fo  capital 
a  difcovery  as  this  (the  greateft,  perhaps,  that 
has  been  made  in  the  whole  compafs  of  phi- 
lofophy,  fmce  the  time  of  Sir  Ifaac  Newton) 
cannot  but  give  pleafure  to  all  my  readers,  I 
(hall  endeavour  to  gratify  them  with  the  com¬ 
munication  of  a  few  particulars  which  I  have 
from  the  heft  authority. 

The  Doctor,  after  having  publifhed  hi$ 
method  of  verifying  his  hypothefis  concern¬ 
ing  the  famenefs  of  eledncity  -with  the  mat¬ 
ter  lightning,  was  waiting  for  the  eredion  of 
a  fpire  in  Philadelphia  to  carry  his  views  into 
execution  ;  not  imagining  that  a  pointed  rod^ 
of  a  moderate  height,  could  anfwer  the  pur- 
pole;  when  it  occurred  to  him,  that,  by 
means  of  a  common  kite,  he  could  have  a 
readier  and  better  accefs  to  the  regions  of 
thunder  than  by  any  fpire  whatever.  Pre¬ 
paring,  therefore,  a  large  filk  handkerchief, 
and  two  crofs  flicks,  of  a  proper  length,  on 
which  to  extend  it,  he  took  the  opportunity 
of  the  firft.  approaching  thunder  ftorm  to  take 
a  walk  into  a  field,  in  which  there  was  a  fhed 
convenient  for  his  pur  pole.  But  dreading  the 
ridicule  which  too  commonly  attends  un- 
fiKxefsful  attempts  in  fcience,  he  commu¬ 
nicated  his  intended  experiment  to  no  body 

but 
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but  Ills  fon,  who  affifteft  him  in  railing  the 
kite. 

The  kite  being  raifed,  a  confiderable  time 
elapfed  before  there  was  any  appearance  of 
its  being  eledrified.  One  very  promifmg 
cloud  had  paffed  over  it  without  any  effed ; 
when,  at  length,  juft  as  he  was  beginning  to 
defpair  of  his  contrivance,  he  obferved  fome 
lofe  threads  of  the  hempen  Hiring  to  ftand 
ered,  and  to  avoid  one  another,  juft  as  if 
they  had  been  fufpended  on  a  common  con- 
du dor.  Struck  with  this  promifmg  appear¬ 
ance,  he  immediately  prefented  his  knucle  to 
the  key,  and  (let  the  reader  judge  of  the  ex- 
quifite  pleafure  he  mu  ft  have  felt  at  that  mo¬ 
ment)  the  diicovery  was  complete.  He  per¬ 
ceived  a  very  evident  eledric  (park.  Others 
fucceeded,  even  before  theftring  was  wet,  fo 
as  to  put  the  matter  paft  all  difpute,  and  when 
the  rain  had  wetted  the  Hiring,  he  colleded 
eledric  fire  very  copioufly.  This  happened 
in  June  1752,  a  month  after  the  eledricians 
in  France  had  verified  the  fame  theory,  but 
before  he  had  heard  of  any  thing  that  they 
had  done. 

F|ES!Des  this  kite,  Dr.  Franklin  had  after¬ 
wards  an  infulated  iron  rod  to  draw  the  light¬ 
ning  into  his  houfe,  in  order  to  make  experi¬ 
ments  whenever  there  fhould  be  a  confider¬ 
able  quantity  of  it  in  the  atmofphere ;  and 
that  he  might  not  lofe-  any  opportunity  of 
that  nature,  he  conneded  two  bells  with 
this  apparatus,  which  gave  him  notice, 
6  by 
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by  their  ringing,  whenever  his  rod  was  elec¬ 
trified 

The  BoCtor  being  able,  in  this  manner, 
to  draw  the  lightning  into  his  houfe,  and 
make  experiments  with  it  at  his  leifure  ;  and 
being  certain  that  it  was  in  all  refpeCts  of  the 
fame  nature  with  electricity,  he  was  defirous 
to  know  if  it  was  of  the  pofitive  or  negative 
kind.  The  firft  time  he  fucceeded  in  making 
an  experiment  for  this  purpofe  was  the  i  2th 
of  April  17539  when  it  appeared  that  the 
lightning  was  negative.  Having  found  that 
the  clouds  electrified  negatively  in  eight  fuc- 
ceflive  thunder  gufts,  he  concluded  they  were 
always  electrified  negatively,  and  formed  a 
theory  to  account  for  it.  But  he  afterwards 
found  he  had  concluded  too  foon.  Fpr,  on 
the  fixth  of  June  following,  he  met  with  one 
cloud  which  was  electrified  pofitively ;  upon 
which  he  corrected  his  former  theory,  but 
did  not  feem  able  perfectly  to  fatisfy  himfelf 
with  any  other.  The  DoCtor  fometimes 
found  the  clouds  would  change  from  pofitive 
to  negative  eledricity  feveral  times  in  the 
courfe  of  one  thunder  guft,  and  he  once  ob- 
ferved  the  air  to  be  ftrongly  electrified  during 
a  fall  of  fnow,  when  there  was  no  thunder 
at  all  f . 

Bet  the  grand  practical  ufe  which  Dr- 
Franklin  made  of  his  difcovery  of  the  fame- 
nefs  of  electricity  and  lightning,  was  to  fe- 

#  Franklin’s  Letters,  p.  112,  |  Ibid.,  p.  ii2,&c. 
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cure  buildings  from  being  damaged  by  light¬ 
ning,  a  thing  of  vaft  confequence  in  all  parts 
of  the  world,  but  more  efpecially  in  feveral 
parts  of  North  America,  where  thunder  ftorms 
are  more  frequent,  and  their  effects,  in  that 
dry  air,  more  dreadful,  than  they  are  ever 
known  to  be  with  us. 

Th  :s  great  end  Dr.  Franklin  accomplifhed 
by  fo  eafy  a  method,  and  by  fo  cheap,  and 
feemingly  trifling  apparatus,  as  fixing  a 
pointed  metalline  rod  higher  than  any  part  of 
the  building,  and  communicating  with  the 
ground,  or  rather  the  neareft  water.  This 
wire  the  lightning  was  fure  to  feize  upon, 
preferably  to  any  o  her  part  of  the  building ; 
whereby  this  dangerous  powrer  would  be  fafe- 
ly  conducted  to  the  earth,  and  diflipated, 
without  doing  any  harm  to  the  building 

Dr.  Franklin  was  of  opinion,  that  a 
wire  of  a  quarter  of  an  inch  in  thicknefs 
would  be  fufficient  to  conduct  a  greater  quan¬ 
tity  of  lightning  than  was  ever  a&ually  dis¬ 
charged  from  the  clouds  in  one  firoke.  He 
found,  that  the  gilding  of  a  book  was  fuffici¬ 
ent  to  conduct  the  charge  of  five  large  jars, 
and  thought  that  it  would  probably  have 
conducted  the  charge  of  many  more.  He  al¬ 
io  found  by  experiment,  that  if  a  wire  was 
deftroyed  by  an  explofion,  it  was  yet  faffici- 
£nt  to  conduct  that  particular  ftroke,  though 
it  was  thereby  rendered  incapable  of  conduct¬ 
ing  another  f. 

*  Franklin’s  Letters,  p.  62,  124.  f  Ibid.  p.  124,  125. 

TilE 


t 


220  Dr.  FRANKLIN  om 

The  Bofior  alfo  fuppofed,  that  pointed 
rods  ereded  on  edifices  might  like  wife  often 
prevent  a  ftroke  of  lightning  in  the  following 
manner.  He  fays,  that  an  eye  fo  fituated  as 
to  view  horizont  ally  the  underfide  of  a  thun¬ 
der  cloud,  will  lee  it  very  ragged,  with  a 
number  of  feparate  fragments,  or  petty  clouds, 
one  under  another,  the  lowed:  fometimes  not 
far  from  the  earth.  Thefe,  as  fo  many  flap¬ 
ping  fton.es,  affift  in  conducting  a  ftroke  be¬ 
tween  a  cloud  and  a  building-  To  reprefent 
thefe  by  an  experiment,  he  directs  us  to  take 
two  or  three  locks  of  fine  loofe  cotton  and 
eonneCt  one  of  them  with  the  prime  conduc¬ 
tor,  by  a  fine  thread  of  two  inches  (which  may 
be  fpun  out  of  the  fame  lock)  another  to  that, 
and  a  third  to  the  fecond,  by  like  threads. 
He  then  bids  us  to  turn  the  globe,  and  fays 
we  fhall  fee  thefe  locks  extending  themfelves 
towards  the  table  (as  the  lower  fmall  clouds 
do  towards  the  earth)  but,  that,  on  prefenting 
a  fharp  point,  ered  under  the  loweft,  it  will 
flirink  up  to  the  fecond,  the  fecond  to  the 
firft,  and  all  together  to  the  prime  conductor, 
where  they  will  continue  as  long  as  the  point 
continues  under  them.  A  mod  ingenious 
and  beautiful  experiment !  May  not,  he  adds, 
in  like  rn  anner,  the  fmall  eledrified  clouds, 
whofe  equilibrium  with  the  earth  is  foon  re- 
ftored  by  the  point,  rife  up  to  the  main  body, 
and  by  that  means  occafion  fo  large  a  vacancy, 
as  that  the  grand  cloud  cannot  ftrike  in  that 
place  *. 

*  Fiankliu’s  Letters,  p.  121,  &c. 
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Mr.  Wilcice,  in  his  remarks  on  Dr. 

c 

Franklin’s  letters,  fays,  that  on  the  20th  of 
Anguft  1758,  he  faw  this  fuppofition  verifi¬ 
ed;  as  he  was  viewing  a  large  fringed  cloud, 
ftrongly  electrified,  palling  over  a  foreft  of 
tall  fir  trees.  The  ragged  and  depending 
parts  of  the  large  cloud  were  firft  attracted 
lower,  and  then  fuddenly  rofe  higher,  and 
joined  the  large  cloud  *.  t 

He  was  alfo  an  eye  witnefs  of  two  clouds 
lying  one  over  the  other,  approaching,  and 
fiafliing  into  one  another.  The  lightning 
fpread  itfelf  over  all  the  parts  of  the  blacker 
cloud,  which  was  negative,  and  which  imme¬ 
diately  began  to  diflolve  in  rain  f . 

Dr.  Franklin  advifes  perfons  who  are 
apprehenfive  of  danger  from  lightning,  to 
fit  in  the  middle  of  a  room  (provided  it  be 
not  under  a  metal  iuftre  fufpended  by  a  chain) 
fitting  on  one  chair,  and  laying  their  feet  on 
another.  It  is  ftill  fafer,  he  fays,  to  bring 
two  or  three  mattreffes,  or  beds,  into  the 
middle  of  the  room,  and  folding  them  double, 
to  place  the  chairs  upon  them,  for  they  not 
being  fo  good  conductors  as  the  walls,  the 
lightning  will  not  chufe  to  pafs  through 
them  ;  but  the  fafeft  place  of  all  is  in  a  ham¬ 
mock  hung  in  filken  cords,  at  an  equal  dif- 
tance  from  all  the  Tides  of  the  room,  p.  484. 
I  would  add,  that  the  place  of  moil  abfolute 
fafety  mud  be  the  cellar,  and  efpecially  the 
middle  of  it;  for  when  a  perfon  is  lower  than 

*  Wilcke’s  Translation,  p.  351, 
f  Franklin’s  Letter?,  p.  259. 
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the  furface  of  the  earthy  the  lightning  mull 
ftrike  it  before  it  can  poffibly  reach  him.  In 
the  fields,  the  place  of  fafety  is,  within  a  few 
yards  of  a  tree,  but  not  quite  near  it. 

"  •  )  \ 

SECTION  III. 

Miscellaneous  discoveries  of  Dr, 
FRANKLIN,  and  his  friends  in 
America,  during  the  same  Period. 

DR.  FRANKLIN,  retaining  the  com¬ 
mon  opinion,  that  electrified  bodies 
have  real  atmofpheres  of  the  electric  fluid 
(confifting  of  particles  at  fome  diftance  from 
the  furface  of  the  body,  but  'always  going 
along  with  it)  obferved  that  thefe  atmofpheres 
and  the  air  did  not  feern  to  exclude  one  an¬ 
other;  though,  he  fays,  this  be  diffiult  to 
conceive,  confidering  that  they  are  generally 
fuppofed  to  repel  one  another. 

An  eleftric  atmofphere,  he  fays,  raifed 
round  a  thick  wore,  inferted  into  a  phial, 
drives  out  none  of  the  air  it  contained  ;  nor 
on  withdrawing  that  atmofphere;  will  any  air 
rufh  in,  as  he  found  by  a  very  curious  expe¬ 
riment,  accurately  made ;  whence  he  alfo 
concluded,  that  the  elafticity  of  the  air  was 
not  affected  by  it  A 

The  experiment,  as  the  Doctor  informs 
me,  was  made  with  a  final  1  glafs  fyphon, 

i 

*  Franklin’s  Letters,  p.  98. 
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one  leg  paffing  through  the  cork  into  the 
bottle.  The  other  leg  had  in  it  a  drop  of  red 
ink,  which  readily  moved  on  the  lead:  change 
of  heat  or  cold  in  the  air  contained  in  the 
phial  ;  but  not  at  all  on  the  air’s  being  elec¬ 
trified. 

He  alfo  made  an  experiment  which  would 
feem  to  prove  the  immobility,  as  we  may  fay, 
of  thefe  atmofpheres  by  any  external  force, 
if  they  have  any  exiftence  at  all ;  but  others 
may  think  it  is  rather  an  argument  againfi; 
their  exiftence.  He  electrified  a  large  cork 
ball  fattened  to  the  end  of  a  filk  firing  three 
feet  long;  and,  taking  the  other  end  in  his 
hand,  he  whirled  it  round,  like  a  fling,  a 
hundred  times  in  the  open  air,  with  the 
fwifteft  motion  he  could  poffibly  give  it;  and 
obferved,  that  it  Hill  retained  its  eleCtric  at- 
mofphere,  though  it  muft  have  pa  fled  through 
eight  hundred  yards  of  air  *. 

To  fhow  that  a  body,  in  different  circum- 
ftances  of  dilatation  and  contraction,  is  capable 
of  receiving,  or  retaining  more  or  lefs  of  the 
eleCtric  fluid  on  its  furface,  he  made  the  follow¬ 
ing  curious  experiment.  He  electrified  a  filver 
cann,in  which  there  were  about  three  yards  of 
brafs  chain,  one  end  of  which  he  could  raife 
to  what  height  he  pleafed,  by  means  of  a 
pully  and  a  filken  cord.  He  fufpended  a  lock 
of  cotton  by  a  filken  firing  from  the  ceiling 
of  the  room,  making  it  hang  near  the  cup; 

and  obferved,  that  every  time  he  drew  up  the 

*  . 

*  Franklin’s  Letters,  p.  '97, 
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chain,  the  cotton  approached  nearer  to  thfi 
cup*  and  as  conf  antly  receded  from  it  when 
the  chain  was  let  down.  From  this  experi¬ 
ment  it  was  evident,  he  fays,  that  the  atmof- 
phere  about  the  cup  was  diminifhed  by  rail¬ 
ing  the  chain,  and  increafed  by  lowering  it  j 
and  that  the  atmofphere  of  the  chain  muft 
have  been  drawn  from  that  of  the  cup  when 
it  was  raifed,  and  have  returned  to  it  again 
when  it  was  let  down 

To  make  eleCtric  atmofpheres  In  fome  mea- 
fure  vifible,  the  Doctor  ufed  to  drop  rofm  on 
hot  iron  plates  held  under  bodies  *eleCtrified| 
and,  in  a  fill  room,  the  fmoke  would  afcend, 
and  form  vifible  atmofpheres  round  the  bodies, 
making  them  look  very  beautiful.  In  trying 
in  what  circumflances,  the  repellency  between 
an  electrified  iron  ball,  and  a  fmall  cork  ball 
would  be  altered,  he  obferved,  that  the  fmoke 
of  rofin  did  not  defray  their  repellency,  but 
was  attracted  both  by  the  iron  and  the  cork  f. 

The  DoCtor  obferved,  that  filver  expofed  to 
the  eleCtric  fpark  would  acquire  a  blue  fain, 
and  that  iron  would  feem  corroded  by  it ;  but  he 
could  never  perceive  any  imprefion  made  on 
gold,  brafs,  or  tin.  The  fpots  on  the  filver 
or  iron  were  always  the  fame,  whether  they 
received  the  fpark  from  lead,  brafs,  gold,  or 
filver ;  and  the  fmell  of  the  eleCtric  fire  was 
the  fame,  through  whatever  bodies  it  was 
conveyed  J. 

*  Franklin’s  Letters,  p.  121.  f  Ibid.  p.  5^. 

%  Ibid,  p.  81,  98. 
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While  we  are  attending  to  what  was  done 
by  Dr.  Franklin  at  Philadelphia*  we  muff  by 
no  means  overlook  what  was  done  by  Mr* 
Kinnerfiey,  the  Dolor’s  friend,  while  at 
Bofton  in  New  England.  Some  of  his  ob- 
fervations,  of  which  an  account  is  given  in 
the  Doctor’s  letters,  are  very  curious ;  and 
fome  later  accounts,  which  he  himfelf  has 
tranfmitted  to  England,  feem  to  ptomife,  that, 
if  he  continue  his  eledrical  inquiries,  his 
name,  after  that  of  his  friend,  will  be  fecond 
to  few  in  the  hiftory  of  electricity. 

He  fi rft  diftingtiifhed  himfelf  by  re-difco- 
vering  Mr.  Du  Fay*s  two  contrary  eledricities 
of  glafs  and  fulphur,  with  which  both  he  and 
Dr.  Franklin  were  at  that  time  wholly  unac¬ 
quainted.  But  Mr.  Kinneriley  had  a  great 
advantage  over  Mr.  Du  Fay ;  for  making  his 
experiments  in  a  more  advanced  date  of  the 
fcience,  he  faw  immediately,  that  the  two  con¬ 
trary  eledricities  of  glafs  and  fulphur  were  the 
Very  fame  pofitive  and  negative  eledricities, 
which  had  juft  been  difcovered  by  Dr.  Watfon 
and  Dr.  Franklin. 

He  obferved,  that  a  cork  ball,  eled rifled  by 
a  condudor  from  excited  glafs,  would  be  at- 
traded  by  excited  amber  and  fulphur,  and  re¬ 
pelled  by  excited  glafs  and  china  ;  that  eledri- 
flying  the  hall  with  the  wire  of  a  charged  phial, 
it  would  be  repelled  by  excited  glafs,  but  at- 
traded  by  excited  fulphur  ;  and  that  when  he 
eledrifiecl  it  by  fulphur  or  amber,  till  it  be  ¬ 
came  repelled  by  them,  it  would  be  attraded 
by  the  wire  of  the  phial,  and  repelled  by  its 
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coating.  Thefe  experiments  Turprifed  him 
very  much,  but  by  analogy  he  was  led  to  in- 
fe;r,  a  priori,  the  following  paradoxes,  as  he 
calls  them,  which  were  afterwards  verified  by 
Dr.  Franklin  at  his  requeft  *. 

“  i.  If  a  glafs  globe  be  placed  at  one  end 
€C  of  a  prime  condudor,  and  a  fulphur  one  at 
u  the  other,  both  being  equally  in  good  or- 
<c  der,  and  in  equal  motion,  not  a  fpark  of 
<c  fire  can  be  obtained  from  the  condudor, 
u  but  one  globe  will  draw  out  as  faft  as  the 
cc  other  gives  in. 

“  2.  If  a  phial  be  fufpended  on  the  con- 
u  dudor  with  a  chain  from  its  coating  to  the 
u  table,  and  only  one  of  the  globes  be  made 
<c  ufe  of  at  a  time,  twenty  turns  of  the  wheel, 
w  for  infiance,  will  charge  it ;  after  which, 
u  as  many  turns  of  the  other  wheel  will 
difcharge  it;  and  as  many  more  will  charge 
u  it  again. 

u  The  globes  being  both  in  motion, 
u  each  having  a  feparate  condudor,  with  a 
sc  phial  fufpended  on  one  of  them,  and  the 
u  chain  faftened  to  the  other  ;  the  phial  will 
iC  become  charged,  one  globe  charging  pofi- 
u  tively,  and  the  other  negatively. 

“  4.  The  phial  being  thus  charged,  hang 
“  it  in  like  manner,  on  the  other  condudor. 
Set  both  wheels  a-going  again,  and  the 
u  fame  number  of  turns  that  charged  it  be- 
u  fore  will  now  difcharge  it,  and  the  fame 

o  7 

“  number  repeated  will  charge  it  again. 

*  Franklin’s  Letters,  p.  99. 
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u  5.  When  each  globe  communicates  with 
u  the  fame  prime  condudor,  having  a  chain, 
u  hanging  from  it  to  the  table,  one  of  them, 
u  when  in  motion  (but  which  I  cannot  fay) 
u  will  draw  fire  tip  through  the  cufhion,  and 
u  difcharge  it,  through  the  chain  ;  and  the 
u  other  will  draw  it  up  through  the  chain, 
u  and  difcharge  it  through  the  cufhion  V5 

When  Mr.  Kinnerfley  was  advifing  his 
friend  to  try  the  experiments  with  the  fulphur 
globe,  he  cautions  him  not  to  make  ufe  of 
chalk  on  the  cufhion,  telling  him  that  fome 
fine  powdered  fulphur  would  do  better.  And 
he  expreffes  his  hope  that  if  the  Dodor  fhould 
find  the  two  globes  to  charge  the  prime  con¬ 
dudor  differently,  he  would  be  able  to  difco- 
ver  fome  method  of  determining  which  it  was 
that  charged  pofitively. 

Dr.  Franklin,  when  thefe  experiments 
and  conjedures  were  propofed  to  him,  had  no 
idea  of  their  having  any  real  foundation;  but 
imagined,  that  the  different  attradions  and 
repulfions  obferved  by  Mr.  Kinnerfley  pro¬ 
ceeded  rather  from  the  greater  or  fmaller 
quantities  of  the  eledric  fire,  obtained  from 
different  bodies,  than  from  its  being  either 
of  a  different  kind,  or  having  a  different  di~ 
redion.  But  finding,  upon  trial,  that  the 
principal  of  Mr.  Kinnerfiey’s  fuppofitions  were 
verified  by  fad,  he  had  no  doubt  of  the 
reft  f. 

*  Franklin’s  Letters,  p.  100. 
f  Ibid.  p.  102,  103. 
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In  anfwer  to  the  doubt  of  Mr.  Kinnerfley, 
whether  the  glafs,  or  the  fulphur  electrified 
pofitively,  the  DoCtor  gave  it  as  his  opinion, 
that  the  glafs  globe  charged  pofitively,  and 
the  fulphur  negatively,  for  the  following 
leafons. 

1.  Because,  though  the  fulphur  globe 
feemed  to  work  equally  well  with  the  glafs 
one,  yet  it  could  never  occafion  fo  large,  and 
fo  difiant  a  fpark  between  his  finger  and  con¬ 
ductor  as  when  the  glafs  globe  was  ufed.  But 
what  he  adds  to  confirm  this  proof  does  not 
feem  to  be  fatisfaCtory.  tie  fuppofes  that 
bodies  of  a  certain  bignefs  cannot  fo  eafily 
part  with  the  quantity  of  eleCtric  fluid  which 
they  have,  and  hold  attracted  within  their 
fubftance,  as  they  can  receive  an  additional 
quantity  upon  their  furface,  byway  of  atmo- 
fphere;  and  that  therefore  fo  much  could  not 
be  drawn  out  of  the  conductor,  as  might  be 
thrown  on  it  *. 

2.  He  obferved  that  the  ftream  or  brufh  of 
fire,  appearing  at  the  end  of  the  wrire  con¬ 
nected  with  the  conductor,  was  long,  large, 
and  much  diverging  when  the  glafs  globe 
was  ufed,  and  made  a  fnapping  or  rattling 
noife ;  but  that  when  the  fulphur  globe  was 
ufed,  it  was  fhort,  fmall,  and  made  a  hiding 
noife.  He  alfo  obferved,  that  juft  the  reverfe 
of  both  thefe  cafes  happened  when  he  held 
the  fame  wire  in  his  hand,  and  the  globes 
were  worked  alternately.  The  brufli  was  large, 


long. 
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long,  diverging,  and  (napping  or  rattling* 
when  the  fulphur  globe  was  turned;  bu 
Ihort,  fmall,  and  hiffing,  when  the  glafs 
globe  was  turned.  When  the  brufli  was 
long,  large,  and  much  diverging,  it  feemed. 
to  the  Doctor,  that  the  body  to  which  it  joined 
was  throwing  the  fire  out,  and  when  the 
contrary  appeared,  it  feemed  to  be  drinking 
in 

3.  He  obferved,  that  when  he  held  his 
knuckle  before  the  fulphur  globe,  while  it 
was  turning,  the  dream  of  fire  between  his 
knuckle  and  the  globe  feemed  to  fpread  on  its 
furface,  as  if  it  flowed  from  the  finger,  but 
before  the  glafs  globe  it  was  otherwife. 

4.  He  obferved  that  the  cool  wind  (or 
what  was  called  lb)  which  is  felt  as  coming 
from  an  eledrified  point,  was  much  more  fen- 
fible  when  the  glafs  globe,  than  when  the 
fulphur  one  was  ufed.  But  thefe,  though 
the  bed  arguments  which  the  fenfes  can  fur- 
nifh,  of  the  courfe  of  the  eledric  fluid,  the 
Dodor  acknowledges  were  but  hafly  thoughts. 
Indeed,  confidering  that  the  velocity  of  the 
eledric  fluid  has  been  found,  by  experiment, 
t )  be  nearly  indantaneous,  in  a  circuit  of 
many  miles,  it  cannot  be  fuppofed  that  the 
eye  fhould  be  able  to  diflinguifh  which  way 
it  goes  in  the  fpaceof  one  or  two  inches  f. 

I  shall  conclude  this  article  with  obferv- 
ing  that  the  experiments,  which  the  Dodor 
made  with  globes  of  glafs  and  fulphur,  are 


*  Franklin’s  Letters,  p.  104* 
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f  Ibid.  p.  105. 
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much  more  eafily  exhibited  by  the  conductor 
and  infulated  rubber  of  either  of  them,  all 
the  effeds  being  the  reverfe  of  each  other. 

I  must  now,  for  the  prefent,  take  leave 
of  this  ingenious  writer  and  his  friends,  after 
having  brought  the  hiftory  of  their  labours  to 
the  year  1754,  and  muft  return  to  fee  what 
was  doing  on  the  continent  of  Europe  for  two 
or  three  years  preceding  this  date,  while  we 
left  it  to  go  over  to  America, 

/  > 

PERIOD  X. 

The  history  of  electricity,  from  THf 

TIME  THAT  Ds.  FRANKLIN  MADE  HIS 
EXPERIMENTS  IN  AMERICA,  TILL  THE 
YEAR  3766, 

E  are  now  entering  upon  the  laft  pe¬ 
riod  into  which  the  hiftory  of  elec¬ 
tricity  divides  itfelf,  in  which  the  great  variety 
of  matter  prefented  to  our  view  muft  oblige 
an  hiftorian  tq  have  recourfe  to  the  ftri&efl 
method ;  for,  otherwife,  the  narration  would 
be  extremely  perplexed  and  difgufting.  As 
this  period  contains  the  events  of  a  larger, 
fpace  of  time  than  moft  of  the  others,  yet 
without  any  convenient  refting  place;  as  the 
bufinefs  of  eledricity  has  been  confiderably 
multiplied  in  it,  and  a  greater  number  of 
labourers  have  been  employed  in  gathering  in 
the  harveft  of  difcoveries,  the  feeds  of  which 
were  fown  by  Dr.  Watlon,  Dr.  Franklin,  and 

others, 
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others,  in  the  preceding  periods ;  I  am  oblig¬ 
ed  to  fubdivide  this  into  more  diftinCt  parts, 
but  I  hope  they  will  not  be  found  to  be  more 
than  were  neceffary,  in  order  to  prevent  con* 
fufion. 

However,  this  circumftance,  of  the  great 
quantity  and  variety  of  materials  furnifhed  in 
this  period,  in  proportion  as  it  tends  to  em- 
barrafs  an  hiftorian,  and  exercife  his  talent 
for  proper  diftribution  and  arrangement,  is 
a  ftriking  demonftration  of  a  truth,  which 
muft  give  thegreateft  pleafure  to  all  the  lovers 
of  electricity  and  Natural  Philofophy.  If  the 
progrefs  continue  the  fame  in  another  period, 
of  equal  length,  if  the  harveft  of  difcoveries 
continue  to  be  more  plentiful,  and  the  la¬ 
bourers  proportionably  more  numerous ;  what 
a  glorious  fcene  fhall  we  fee  unfolded,  what  a 
fund  of  entertainment  is  there  in  ftore  for  us, 
and  what  important  benefits  may  be  derived 
to  mankind ! 
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SECTION  I. 


Improvements  in  the  electrical  ap¬ 
paratus,  WITH  EXPERIMENTS  AND  OB¬ 
SERVATIONS  RELATING  TO  IT. 

'  •'  t  '  ]  '  -  '  f*  -  •  •  •'  4  -■  •' 

S  our  electrical  apparatus  has  been 


much  improved  within  this  period,  I 


fliall  firft  recite  what  has  occurred  to  me  upon 
this  fubjeCt;  particularly  the  methods  which 
have,  from  time  to  time,  been  communicated 
of  increafing  the  power  of  electricity,  by  dif¬ 
ferent  circumftances  of  excitation. 

So  early  as  the  year  1751?  upon  occafion 
of  trying  Mr.  Winckler’s  experiments,  notice 
is  taken  of  Mr.  Canton’s  method  of  rubbing 
tubes  with  filk  prepared  with  linfeed  oik 
Thefe  he  had  found,  by  the  experience  of 
fome  confiderable  time,  to  produce  the 
greateft  effeCt  upon  tubes,  but  he  had  not 
found  that  they  were  proportionably  uleful 
in  rubbing  globes  *. 

Upon  another  occafion,  Mr.  Canton  ob-^ 
ferves,  that  by  means  of  this  rubber,  a  folid 
cylinder  of  glafs,  which  had  been  fet  before 
the  fire  till  it  was  quite  dry,  might  be  excited 
as  eafily  as  a  glafs  tube,  fo  as  to  aCt  like  one 
}n  every  refpeCt;  that  even  the*  firft  ftrokc 
would  make  it  ftrongly  eleCtrical 

*  Phil.  Tranf.  abridged,  Vol.  xlvii.  p.239. 
f  Ibitj,  Vpl.  xlviii.pt.  ii.  p.  784. 
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But  the  greateft  improvement  which  Mr, 
Canton  difcovered  for  increafmg  the  power  of 
ele&ricity,  was  by  rubbing  on  the  cufhion  of 
the  globe,  or  on  the  oiled  filk  rubber  of  the 
tube,  a  fmall  quantity  of  an  amalgam  of 
mercury  and  tin,  with  a  very  little  chalk  or 
whiting.  By  this  means,  a  globe  or  tube 
may  be  excited  to  a  very  great  degree  with 
very  little  fri&ion,  efpecially  if  the  rubber 
be  made  more  damp  or  dry  as  occafion  may 
require 

Mr.Wilcke  fays,  that  aglafs  tube  excit¬ 
ed  with  a  woollen  cloth,  on  which  fome 
white  wax  or  oil  lias  been  put,  will  throw 
out  flames  with  a  great  noife  in  the  dark^. 
Thefe  flames,  he  fays,  he  never  knew  to  be 
thrown  from  a  globe,  except  fometimes  when 
they  were  firft  ufed 

Our  electrical  apparatus  has  been  much 
augmented  within  this  period  by  the  difco- 
very  of  Father  Windelinus  Ammerfin  of  Swit¬ 
zerland,  who,  in  a  Latin  treatife,  published 
at  Lucern,  in  the  year  1754,  has  fhewn  us, 
that  wood  properly  dried,  till  it  becomes  very 
brown,  is  a  non-condudlor  of  electricity.  Fie 

m  ' 

recommends  boiling  the  wood  in  linfeed  oil, 
or  covering  it  over  with  varnifh,  after  being 
dried,  to  prevent  any  return  of  moifture  into 
its  pores ;  and  adds,  that  wood,  fo  treated, 
feems  to  afford  Aronger  appearances  of  elec¬ 
tricity  than  even  glafs.  He  himfelf  made  ufe 
of  common  wooden  meafures,  fuch  as  are 

*  Phil.  Tranf.  Vol.  lii,  pt.  ii.  p.  4 6r. 

f  Wilcke,  p.  124.  X  ibid.  p.  126. 
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ufually  found  in  granaries,  firft  boiled  in  oil* 
and  afterwards  mounted,  fo  as  to  be  turned 
by  a  wheel 

It  appears  from  the  Philofophical  Tranf- 
a&ions,  fays  Mr  Wilfon,  fo  early  as  thp  year 
1747,  that  Dr,  Watfon  having  occafion  to 
fupport  a  long  wire,  in  an  experiment  made 
near  Shooter5s  Hill,  with  a  view  to  determine 
the  velocity  of  eledtric  fluid,  ufed  flakes  of 
dry  wood,  which  he  told  him,  were  baked, 
to  prevent  the  eledtric  fluid  from  efcaping  in¬ 
to  the  ground  J. 

A  more  extraordinary  method  of  procur¬ 
ing  eledtricity  than  by  baked  wood,  was  one 
that  Signior  Beccaria  made  ufe  of.  He  put  a 
dry  and  warm  cat’s  fkin  upon  his  glafs  globe, 
and  rubbing  it  with  his  hand,  excited  a  very 
powerful  eledtrity 

These  wooden  cylinders  eledlrify  pofitive- 
ly  or  negatively  as  the  rubber  is,  filk  or  flannel, 
but  much  more  powerfully  when  negative 
than  when  politive,  owing  to  the  rough- 
nefs  which  there  generally  is  upon  their  fur- 
faces,  and  therefore  make  an  agreeable  va¬ 
riety  in  an  eledlrical  apparatus.  But  the  oldeft 
and  moft  ufual  method  of  procuring  negative 
eledlricity  was  by  globes  of  fulphur.  Thefe 
Mr.  Le  Roi  made  by  putting  a  coating  of 
fulphur  upon  a  globe  of  glafs,  and  then 
fmoothing  it  with  an  hot  iron  ;  but  Mr.  Nol- 
let  preferred  melting  the  fulphur  in  the  infide 

*  Phil.  Tranf,  Vol.  lii.  pt.  i,  p.  342.  1 

f  Ibid.  Vol.  li.  pt.  ii,  p.  896. 

J  Lettcre  dell’  Elettricifmo,  p.  58. 
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of  the  glafs  globe,  and  then  breaking  the  glafs 
from  off  it,  becaufe  this  method  made  a  much 
finer  polifh  % 

One  globe  he  made  of  a  mixture  of  ful- 
phur  and  pounded  glafs,  but  he  found  that  it 
had  the  fame  effed  as  if  it  had  been  all  of 
fulphur.  He  fays  that,  when  one  part  of 
this  globe  was  excited,  the  whole  furface  be¬ 
came  eledrical 

But  fmce  Mr.  Canton’s  difcovery  of  the 
negative  power  of  rough  glafs,  fome  philo- 
fophers  have  made  ufe  of  glafs  globes  made 
rough  by  emery;  and  the  ufual  method  of 
taking  off  their  polifh  was  by  rubbing  them 
as  they  turned  upon  their  axis ;  but  Mr. 
Speedier,  a  mathematical  inftrument  maker  at 
Copenhagen,  obferves,  in  his  letters  upon 
the  fubjed  of  eledricity,  that  glafs  globes, 
made  rough  by  drawing  the  ftone,  or  emery, 
from  pole  to  pole,  have  a  much  greater  vir¬ 
tue  ;  this  method  of  taking  off  the  pclifh  giv¬ 
ing  them  a  greater  rough nefs  with  refped  to 
the  rubber 

But  a  better,  and  a  readier  method  than 
all  thefe  of  producing  negative  eledricity,  is 
by  infulating  the  rubber  of  a  fmooth  globe, 
and  conneding  it  with  an  infulated  prime  con- 
dudor,  while  the  common  condudor  hath  a 
communication  with  the  ground.  The  rubber, 
if  well  infulated,  is  hire  to  produce  a  nega¬ 
tive  eledricity,  equal  in  power  to  the  poiitive 
of  the  fame  globe.  •  Mr.  Dalibard  direds  a 

*  Nollet’s  Letters,  Vol.  ii.  p.  121. 
t  Ibid.  p.  125,  127.  t  Wilcke,  p.  57. 
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great  number  of  precautions,  in  order  to  elec¬ 
trify  well  at  the  rubber,  and  to  prevent  it 
from  receiving  any  eledtric  fire  in  its  ftate  of 
irifulation  •  x  .  d-  w',  "i 

Mr.  Bergman  of  Upfal,  fays,  that  very 
often,  when  his  glafs  globes  could  not  be  ex¬ 
cited  to  a  fufficient  degree  of  ftrength,  he 
lined  them  with  a  thin  coating  of  fulphur, 
and  that  then  they  gave  a  much  ftronger  po- 
fitive  elefiricity  than  before 

In  Italy,  and  other  places,  Mr.  Nollet  in¬ 
forms  us,  it  is  the  cuflom  of  electricians  to 
put  a  coating  of  pitch,  or  other  refmous  mat¬ 
ter  on  the  infide  of  their  globes,  which  they 
pretend,  makes  them  always  work  well 

We  are  obliged  to  the  Abbe  Nollet  for 
fome  obfervations  on  the  eledrical  powers  of 
different  kinds  of  glafs,  in  the  fixth  volume 
of  his  Lemons  de  phyjique  printed  in  the  year 
1764. 

It  is  not  every  fort  of  glafs,  fays  he,  that 
is  equally  electrizable.  There  are  fome  forts 
which  are  not  fo  at  all5  or  hardly  at  all ;  fuch, 
for  example,  is  that  of  which  they  make  plates 
of  glafs  at  St.  Gobin  in  Picardy.  I  have  tried 
it,  fays  he,  an  hundred  times,  in  the  form  of 
plates,  tubes,  and  globes,  and  in  all  kinds  of 
weather,  but  have  fcarce  been  ever  able  to 
draw  from  it  the  leaft  fenfihle  fign  of 
eledricity. 

V  '  '  f  X 

$ 

*  palibard’s  Franklin,  p.  no. 

t  Phil.  Trar.f.  Vol.  iii.  pr.  ii.  p.  485. 

X  Lettres,  Vol.  ii.  p.  122. 
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The  Rial's  of  which  panes  for  windows 
are  made,  and  which  is  alfo  ufed  for  drink- 
ing-glaffes,  when  it  is  newly  manufactured, 
is  excited  with  great  difficulty.  [  have  often, 
fays  he,  repeatedly  rubbed  tubes,  and  other 
pieces,  even  in  the  glafs  dioufe  where  they 
were  made,  but  without  fuccefs ;  and  it  has 
not  been  till  after  fome  months,  and  fome- 
times  years,  that  I  could  bring  them  to 
add. 

It  is  certain,  and  he  fays  he  has  conftant- 
ly  obferved,  that  glafs  becomes  more  fit  for 
eleClrical  experiments  by  force  of  rubbing 
and  that  fometimes  it  has  required  fome 
months  to  bring  globes  and  tubes  to  act  well. 

He  did  not  think  that  thefe  fads  could  be 
accounted  for  either  by  the  different  degrees 
of  tranfparency,  or  the  different  colours  of 
glafs.  This,  indeed,  "was  evident  from  fome 
globes  acquiring  eieCtricity  from,  ufe  which 
had  it  not  originally.  The  glafs  of  which 
bottles  are  made  at  Severs  ferved  him  very 
well,  whereas  globes  of  white  glafs  did  not 
become  tolerable  till  after  having  been  ufed  a 
certain  time. 

He  could  not  tell  pofitively  why  certain 
kinds  of  glafs  were  eleCtrizable  or  not  by 
rubbing,  but  he  fufpeCted,  that  it  was  prin¬ 
cipally  owing  to  the  degree  of  its  hardnefs 
and  vitrification-  He  was  induced  to  think  fo, 
becaufe  he  found  that  the  glafs  at  the  French 
manufactory  at  St.  Gobin,  and  at  Cherbourg 
(the  hardeft,  the  moft  compaCt,  and  the  bell 
vitrified  of  all  the  kinds  of  glafs  in  France) 

was 
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was  the  moft  difficult  to  be  electrized ;  where*® 
as  the  cryftal  glafs  of  England,  that  of  Bo¬ 
hemia,  &c.  which  are  much  fofter,  were 
the  belt  of  all  for  experiments  in  electricity. 
He  fays,  moreover,  that  he  had  procured 
imperfeCt  glaffes,  which  had  not  been  long 
enough  in  the  furnace  to  be  clear ;  and  that, 
though  they  were  of  the  fame  compofition  as 
plates  of  glafs,  which,  he  obferved  before, 
were  not  eafily  electrized,  yet  that  thefe  were 
excited  very  fenfibly. 

He  fays  that  a  globe  of  ten  or  twelve 
inches  diameter,  and  which  makes  about  four 
revolutions  in  a  fecond  of  time,  will  receive  a 
convenient  rubbing;  but  that  we  muft  not 
expeCt  that  if  the  globe  be  one  half,  or  one 
fourth  part  greater  or  lefs,  the  effects  will  be 
increafed  or  diminiffied  in  proportion 

Upon  the  fubjeCt  of  infulating  bodies,  he 
obferves,  that  when  the  cakes  of  fulphur, 
refrn,  fealing-wax,  and  bees-wax  are  made 
ufe  of  for  this  purpofe,  they  ought  to  be  well 
cooled  before  they  are  ufed :  for,  he  fays,  he 
has  conftantly  obferved,  that  when  they  are 
newly  made,  they  are  not  io  proper  to  infur¬ 
iate  bodies,  as  they  generally  are  at  the  end 
of  fome  months  f . 

It  will  be  proper,  under  this  head,  to  ac¬ 
quaint  young  electricians,  that  globes  have 
been  feveral  times  known  to  burft  during  the 
aCt  of  excitation,  and  that  the  fragments  have 
been  thrown  with  great  violence  in  every  di- 

*  Lemons  de  Phyfique,  Vol,  vi.  p_.  273- — 276. 

f  Ibid,  p.  299. 
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tfedtion,  fo  as  to  be  very  dangerous  for  the 
by-ftanders.  This  accident  happened  to  Mr. 
Sabatelli  in  Italy,  Mr.  Nollet  in  France,  Mr. 
Beraud  at  Lyons,  Air.  Boze  at  Wittemburgh, 
Mr.  Le  Cat  at  Rouen,  and  Mr.  Robein  at 
Rennes. 

The  air  in  the  infide  of  Mr.  Sabatelli’s  globe 
had  no  communication  with  the  externul  air, 
but  that  of  the  Abbe  Nollet  had.  This  laft, 
which  was  of  Englifli  flint,  which  had  been 
ufed  two  years,  and  which  was  more  than  a 
line  thick,  burft  like  a  bomb  in  the  hands  of 
a  fervant  who  was  rubbing  it;  and  the  frag--* 
ments  (the  largeft  of  which  were  not  more 
than  an  inch  in  diameter)  were  difperfed  on 
all  fides,  to  a  considerable  diftance.  The 
Abbe  fays,  that  all  the  globes  which  were 
burft  in  that  manner  exploded  after  five  or  fix 
turns  of  the  wheel ;  and  he  afcribes  this  effedt 
to  the  adlion  of  the  eledlric  matter,  making 
the  particles  of  the  glafs  vibrate  in  a  manner 
he  could  not  conceive  A 

When  Mr.  Beraud’s  globe  burft  (and  he 
was  the  firft  to  whom  this  accident  was  ever 
known  to  happen)  he  was  making  fome  ex¬ 
periments  in  the  dark,  on  the  8th  of  Febru¬ 
ary  1750;  when  a  noife  was  firft  heard,  as 
of  fomething  rending  to  pieces  ;  then  follow¬ 
ed  the  explofion,  and  when  the  lights  were 
brought  in,  it  was  obferved,  that  thofe  places 
of  the  floor  which  were  Oppofite  to  the  equa¬ 
torial  diameter  of  the  globe  were  ftrewed  with 

,  / 

*  NolleCs  Letters,  Vo!,  i.  p.  19, 
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fmaller  pieces,  and  in  greater  numbers  than 
thofe  which  were  oppofite  to  other  parts  of 
it.  This  globe  had  been  cracked,  but  it  had 
been  in  conftant  ufe  in  that  ftate  above  a  year, 
and  the  crack  had  extended  itfelf  from  the 
pole  to  the  equator.  The  proprietor  afcribed 
the  accident  to  the  vibration  of  the  particles 
of  the  glafs,  and  thought  that  the  crack  had 
fome  way  impeded  thofe  vibrations  *. 

When  Mr.  Boze’s  globe  broke,  he  fays 
that  the  whole  of  it  appeared  in  the  a£t  of 
breaking,  like  a  flaming  coal ;  a  circumftance 
which  we  fhall  fee  accounted  for  hereafter  by 
Mr.  Wilcke  f . 

Mr.  Boulanger  fays,  that  glafs  globes 
have  fometimes  burft  like  bombs,  and  have 
wounded  many  perfons,  and  that  their  frag¬ 
ments  have  even  penetrated  feveral  inches  in¬ 
to  a  wall  J.  He  alfo  fays,  that  if  globes 
burft  in  whirling  by  the  gun-barrePs  touch¬ 
ing  them,  they  burft  with  the  fame  violence, 
the  fplinters  often  entering  into  the  wall  §. 

The  Abbe  Nollet  had  a  globe  of  fulphur 
which  alfo  burft,  as  he  was  rubbing  it  with 
his  naked  hands,  after  two  or  three  turns  of 
the  wheel,  having  firft  cracked  inwardly.  It 
broke  into  very  fmall  pieces,  which  flew  to  a 
great  diftance ;  and  into  a  fine  duft,  of  which 
part  flew  againft  his  naked  bread;  where  it 
entered  the  Ikin  fo  deep,  that  it  could  not  be 
got  off  without  the  edge  of  a  knife  |j. 

*  Hifloire,  p.  87.  f  Wilcke,  p.  124. 

t  Boulanger,  p  23.  §  Ibid.  p.  144. 

j{  Nollct’s  Letters,  Vol,  ii.  p.  220. 
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SECTION  IL 


Observations  on  the  condcu ting  Power 

OF  VARIOUS  SUBSTANCES,  AND  PAR¬ 
TICULARLY  Mr.  CANTON’s  experi¬ 
ments  ON  AIR;  AND  SlGNIOR  BECCA- 
RIA’s  ON  AIR,  AND  WATER. 


N  E  of  the  principal  defiderata  in  the 


\J  fcience  of  electricity,  is  to  afcertain 
wherein  confifts  the  diftinCtion  between  thofe 
bodies  which  are  conductors,  and  thofe  which 
are  non- conductors  of  the  eledric  fluid,.  All 
that  has  been  done  relating  to  this  queftion, 
till  the  prefent  time,  amounts  to  nothing 
more  than  obfervationS,  how  near  thefe  two 
clafles  of  bodies  approach  one  another ;  and 
before  the  period  of  which  I  am  now  treat¬ 
ing,  thefe  obfervations  v/ere  few,  general, 
and  fuperficial.  But  I  {hall  now4  prefent  my 
reader  with  feveral  very  curious  and  accurate 
experiments,  which,  though  they  do  not 
give  us  intire  fatisfadion  with  refped  to  the 
great  defideratum  above  mentioned ;  yet  throw 
fome  light  upon  the  fubjed*  They  fhow 
that  fubftances  which  had  been  confidered  as 
perfed  conductors,  or  non-conduCtor  s,  are 
fo  only  to  a  certain  degree ;  and  that,  pro¬ 
bably,  all  the  known  parts  of  nature  have, 
in  fome  meafure,  the  properties  of  both. 

These  experiments  were  made  by  two 
perfons,  whom,  in  the  ftyle  of  biliary,  I 
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may  juftly  call  two  of  the  greateft  heroes  of 
this  part  of  my  work,  viz.  Mr.  Canton, 
whofe  difcoveries  in  electricity  are  far  more 
numerous,  and  more  coniiderable  than  thofe 
of  any  other  perfon,  within  this  period,  in 
England ;  and  Signior  Beccaria,  one  of 
the  mod  eminent  of  all  the  electricians  a- 
broad. 

That  air  was  capable  of  receiving  elec¬ 
tricity  by  communication,  and  of  retaining  it 
when  received,  had  not  been  difcovered  by 
any  perfon  before  Mr.  Canton ;  but,  by  the 
help  of  one  of  his  exquifite  contrivances,  he 
was  able  to  afcertain  that  delicate  circumftance, 
and  even  meafure  the  degree  of  it,  if  it  was  in 
the  ieaft  confiderable. 

He  got  a  pair  of  balls,  turned  in  a  lathe, 
out  of  the  dry  pith  of  elder.  Thefe  he  put 
into  a  narrow  box,  with  a  Aiding  cover, 
fo  difpofed  that  the  threads  (which  were  of  the 
fxneft  linen)  were  kept  ftraight  in  the  box. . 
Holding  this  box  by  the  extremity  of  the 
cover,  the  balls  would  hang  freely  from  a  pin 
in  the  infide.  Thefe  balls  hung  at  a  fufficient 
diftance  from  buildings,  trees,  &c,  eafily 
fho  w  the  eleCtricity  of  the  atmofphere.  They 
alfo  determine  whether  the  electricity  of  the 
clouds  and  the  air  be  pofitive,  by  the  decreafe ; 
or  negative,  by  the  increafe  of  their  repul- 
fxon,  at  the  approach  of  excited  amber  or 
fealing-wax. 

By  the  help  of  this  inftrumenf,  he  ob- 
ferved,  that  it  was  poffible  to  eleCtrify  the 
air  of  a  room  near  the  apparatus ;  and  even 
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the  air  of  the  whole  room  in  which  it  was,  to 
a  confiderable  degree,  and  he  was  able  to  do 
it  both  pofitively  and  negatively. 

In  a  paper  read  at  the  Royal  Society,  De¬ 
cember  the  6th,  1753,  he  obferves,  that  the 
common  air  of  a  room  might  be  electrified  to 
a  confiderable  degree,  fo  as  not  to  part  with 
its  electricity  for  fome  time.  Having  render¬ 
ed  the  air  of  his  room  very  dry,  by  means  of 
a  fire,  he  electrified  a  tin  tube  (wfith  a  pair  of 
balls  fufpended  at  one  of  its  extremities)  to  a 
great  degree;  when  it  appeared,  that  the 
neighbouring  air  was  likewife  electrified.  For, 
having  touched  the  tube  with  his  finger,  or  any 
other  conductor,  the  balls,  notwithftanding, 
continued  to  repel  one  another,  though  not 
at  fo  great  a  diftance  as  before  *.  But  he  ob¬ 
ferves  that  their  repulfion  would  decreafe  as 
they  were  moved  towards  the  floor,  wainfcot, 
or  any  of  the  furniture  ;  and  that  they  would 
touch  each  other  when  brought  within  a  final! 
diftance  of  any  conductor.  Some  degree  of 
this  eleCtric  power,  he  has  known  to  con¬ 
tinue  in  the  air  above  an  hour  after  the  rub¬ 
bing  of  the  tube,  when  the  weather  had  been 
very  dry. 

To  eleCtrify  the  air,  or  the  moifture  con¬ 
tained  in  it,  negatively,  Mr.  Canton  fupport- 
Cd,  by  filk  ftretched  between  two  chairs  (plac¬ 
ed  back  to  back,  at  the  diftance  of  about  three 
feet),  a  tin  tube  with  a  fine  fewing  needle  at 

*  Phil,  Tranf.  Vol.  xlix.  pt»  i.  p„  300* 
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one  end  of  it ;  and  rubbed  fulphur,  fealing^ 
wax,  or  a  rough  glafs  tube  as  near  as  he 
could  to  the  other  end,  for  three  or  four  mi¬ 
nutes  ;  after  which  he  found  the  air  to  be  ne¬ 
gatively  eleCtrical,  and  that  it  would  continue 
fo  a  confiderable  time  after  the  apparatus  was 
removed  into  another  room 

In  a  paper  dated  November  the  i  ith,  1754* 
he  fays,  that  dry  air,  at  a  great  diftance  from 
the  earth*  if  in  an  eleCtric  ftate,  will  con¬ 
tinue  fo  till  it  meets  with  fome  conductor,  is 
probable  from  the  following  experiment.  An 
excited  glafs  tube,  with  its  natural  polifh,  be¬ 
ing  placed  upright  in  the  middle  of  a  room 
(by  putting  one  end  of  it  into  an  hole,  made 
for  that  purpofe,  in  a  block  of  wood)  would, 
generally,  lofe  its  electricity  in  lefs  than  five 
minutes,  by  attracting  to  it  a  fufficient  quan¬ 
tity  of  inoifture,  to  conduCt  the  eleCtric  fluid 
from  all  parts  of  its  furface  to  the  floor ;  but 
if,  immediately  after  it  was  excited,  it  was 
placed,  in  the  fame  manner,  before  a  good 
fire,  at  the  diftance  of  about  two  feet,  where 
no  moifture  wmxld  adhere  to  its  furface,  it 
would  continue  eleCtrical  a  whole  day,  and 
how  much  longer  he  knew  not  f . 

Since  the  publication  of  the  firft  edition 
of  this  work,  Mr.  Canton  has  hit  upon  an¬ 
other,  much  readier,  and  more  powerful  me¬ 
thod  of  communicating  eleCtricity  to  the  air 
than  that  defcribed  above.  This  he  gives  me 


'*  Phil.  Tranf.  V ol.  xlviii.  pt,  ii.  p.  7S4. 
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leave  to  publifh,  and  it  appears  to  me  to  be 
of  fuch  a  nature,  as  that  it  may  very  poffibly 
lead  to  farther  difcoveries  concerning  the 
electricity  of  the  atmofphere,  and  the  pheno¬ 
mena  depending  upon  it.  u  Take,53  fays  he, 
“  a  charged  phial  in  one  hand,  and  a  lighted 
“  candle,  infulated,  in  the  other;  and,  going 
<c  into  any  room,  bring  the  wire  of  the  phial 
<c  very  near  to  the  flame  of  the  candle,  and 

hold  it  there  about  half  a  minute  1  then 
<c  carry  the  phial  and  candle  out  of  the  room, 
“  and  return  with  the  pith  balls,  fufpended, 
<c  and  held  at  arm’s  length.  The  balls  will 
a  begin  to  feparate  on  entering  the  room, 
cc  and  will  ftand  an  inch  and  half,  or  two 
“  inches  a  part,  when  brought  near  the 
“  middle  of  it/’ 

Signior  Beccaria,  who  had  no  know¬ 
ledge  of  v/hat  Mr.  Canton  had  done,  made 
the  fame  difcovery  of  the  communication  of 
eleCtricity  to  the  air,  and  diverfified  the  ex¬ 
periment  in  a  much  more  pleafing  and  fatif- 
faCtory  manner.  He  proves,  that  the  air, 
which  is  contiguous  to  an  electrified  body, 
acquires,  by  degrees,  the  fame  electricity ; 
that  this  eleCtricity  of  the  air  counteracts  that 
of  the  body,  and  leffens  its  effects,  and  that 
as  the  air  acquires,  fo  it  alfo  parts  with  this 
eleCtricity  very  flowly. 

He  began  his  experiments  by  hanging 
linen  threads  upon  an  electrified  chain,  and 
obferving,  that  they  diverged  the  moft  after 
a  few  turns  of  his  globe. '  After  that,  they 
came  nearer  together,  notwithftanding  he 
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kept  turning  the  globe  and  the  excitation  wa^ 
as  powerful  as  ever 

When  he  had  kept  the  chain  electrified  a 
confiderable  time,  and  then  difcontinued  the 
friction,  the  threads  collapfed  by  degrees,  till 
they  hung  parallel.  After  this,  they  began 
to  diverge  again,  without  any  frefh  electrifi¬ 
cation  ;  and,  if  the  air  was  ftill,  this  fecond 
divergence  would  continue  an  hour,  or 
more. 

This  divergence  was  leffened  by  the  elec¬ 
trification  of  the  chain.  For  if  the  globe  was 
turned  again,  the  threads  would  firfl  become 
parallel,  and  then  begin  to  diverge  again  a$ 
before.'  Thus  the  fecond  divergence  of  the 
threads  took  place,  when  the  chain  was  de¬ 
prived  of  its  elediricity,  and  when  that 
which  the  air  had  acquired  began  to  fliow 
itfelf.  '  '  "  V*  -  w  :  -  -•  ■*  ‘  ’  ' 

While,  the  threads  were  beginning  to  di¬ 
verge  with  the  eledricity  of  the  air,  if  he 
touched  the  chain,  and  thereby  took  off  what 
remained  of  its  eleCtricity,  the  threads  would 
feparate  farther.  Thus  the  more  the  eleCtricity 
of  the  chain  was  leffened,  the  more  did  the 
eled  ricityof  the  air  appear. 

While  the  threads  were  in  their  fecond  di- 
vergence,  he  hung  two  other  threads,  fhorter 
than  the  former,  by  another  filk  thread  to  the 
chain ;  and  when  all  the  eleCtricity  of  the 
chain  was  taken  quite  away,  they  would  fepa^ 
rate,  like  the  former  threads. 

*  Lettere  dell’  Elettricifmo,  p,  87. 
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If  he  prefented  other  threads  to  the  for¬ 
mer,  in  their  fecond  divergence,  they  would 
all  avoid  one  another 

In  this  complete  and  elegant  manner  did 
Signior  Beccaria  demonftrate,  that  air  actually 
receives  electricity  by  communication,  and 
lofes  it  by  degrees  ;  and  that  the  eledtricity  of 
the  air  counteracts  that  of  the  body  which 
conveys  eledbricity  to  it. 

Signior  Beccaria  alfo  made  a  variety  of 
other  experiments,  which  demonftrate  other 
mutual  affedtions  of  the  air  and  the  eledtric 
fluid;  particularly  fome  that  prove  their  mu¬ 
tual  repulfion ;  and  that  the  eledtric  fluid,  in 
palling  through  any  portion  of  air,  makes  a 
temporary  vacuum. 

He  brought  the  ends  of  two  wires  within 
a  fmall  diftance  of  one  another,  in  a  glafs 
tube,  one  end  of  which  was  clofed,  and  the 
other  immerged  in  water ;  and  obferved,  that 
the  water  funk  in  the  tube,  every  time  that  a 
fpark  palled  from  the  one  to  the  other,  the 
eledtric  fluid  having  repelled  the  air  *fc 

He  made  the  eledtric  explofion  a  great 
number  of  times,  in  the  fame  air,  inclofed  in 
a  glafs  tube,  in  order  to  afcertain  whether 
the  elafticity  of  the  air  was  affedted  by  it ;  but 
he  could  not  find  any  alteration.  After  the 
operation,  he  broke  the  tube  under  water,  but 
neither  did  any  air  make  its  efcape,  nor  any 
water  force  its  way  into  the  tube.  The  expe- 

*  Lettere  dell*  Elettricifmo,  p  90. 
f  Elettricifmo  artificiale  e  naturale,  p*  ho. 
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rirnent  was  made  with  all  the  pr<  caution,  with 
refpeCt  to  heat  and  cold,  that  the  nature  of 
the  cafe  required  *. 

Si g N i or  Beccaria’s  experiments  on  wa¬ 
ter  ,  fhowing  its  imperfection  as  a  conductor, 
are  more  furprifmg  than  thofe  he  made  upon 
air,  fhowing  its  imperfection  In  the  contrary 
refpeCt.  They  prove  that  water  conducts 
electricity  according  to  its  quantity,  and  that 
a  fmall  quantity  of  water  makes  a  very 
great  refinance  to  the  paffage  of  the  eleCtric 
fluid. 

He  made  tubes,  full  of  wrater,  part  of  the 
electric  circuit,  and  obferved,  that  when  they 
were  very  fmall,  they  would  not  tranfmit  a 
fhock,  but  that  the  fhock  increafed  as  wider 
tubes  were  ufed  f . 

But  what  aftoniihes  us  moft  in  Signior 
Beccaria’s  experiments  with  water,  is  his 
making  the  eleCtric  fpark  vifible  in  it,  not- 
withftanding  its  being  a  real  conductor  of  elec¬ 
tricity*  Nothing,  however,  can  prove  more 
clearly  how  imperfeCt  a  conductor  it  is. 

He  inferted  wires,  fo  as  nearly  to  meet,  in 
fmall  tubes  filled  with  water ;  and,  difeharg- 
ing  fhock s  through  them,  the  eledric  fpark 
was  vifible  between  their  points,  as  if  no  wa¬ 
ter  had  been  in  the  place.  The  tubes  were 
generally  broken  to  pieces,  and  the  frag¬ 
ments  driven  to  a  confiderable  diftance.  This 
was  evidently  occafioned  by  the  repulfion  of 
the  water,  and  its  incompreffibility,  it  not 


*  Elettricifmo  artiiiclale  e  natural^,  p,  Si. 
t  Ibid.  p.  1 13. 
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being  able  to  give  way  far  enough  within  it- 
fe If,  and  the  force  with  which  it  was  repell¬ 
ed  being  very  great  * * * §.  / 

The  force  with  which  fmall  quantities  of 
water  are  thus  repelled  by  the  eleftric  fluid, 
he  fays,  is  prodigious.  By  means  of  a  charge 
of  four  hundred  fquare  inches,  he  broke  a 
glafs  tube  two  lines  thick,  when  the  pieces 
were  driven  to  the  diflance  of  twenty  feet. 
Nay  he  fometimes  broke  tubes  eight  or  ten 
lines  thick,  and  the  fragments  were  driven  to 
greater  diftances  in  proportion  •f'. 

He  found  the  effect  of  the  eledtric  fpark 
upon  water  greater  than  the  efFedt  of  a  fpark 
of  common  fire  on  gunpowder  ;  and  fays  he 
does  not  doubt,  but  that,  if  a  method  could 
be  found  of  managing  them  equally  well,  a 
cannon  charged  with  water  would  be  more 
dreadful  than  one  charged  with  gunpowder. 
He  actually  charged  a  glafs  tube  with  water, 
and  put  a  fmall  ball  into  it,  when  it  was  dif-  / 
charged  with  great  force,  fo  as  to  bury  itf 
felf  in  forne  clay  which  he  placed  to  re¬ 
ceive  it  ;ji. 

This  refiftance  which  fmall  quantities  of 
water  make  to  the  eleQxic  matter,  he  ima¬ 
gined,  was  greater  than  the  refiftance  made 
to  it  by  air  §.  And  yet  he  thought  it  was 

*  Elettricifmo  artihciale  e  naturale,  p.  114. 

t  Lettre  delP  elettricifmo,  p.  74. 

X  Ibid.  p.  75,  76.  Mr,  Lullin  fays,  he  produced  muck 
greater  efFedts  than  thefe,  by  making  the  eledlric  fpark  vifibie, 
in  oil  initead  of  water.  Oil  being  a  much  worfe  conductor,  the 
fpark  in  it  would  be  larger.  Dillertatio  Phyfica,  p.  26. 

§  Elettricifmo  artificials,  &c.  p.  115, 
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poffible,  that,  in  this  cafe,  the  eledric  mat¬ 
ter  might  not  adt  upon  the  water  immediate¬ 
ly,  but  upon  the  fixed  air  that  was  in  it.  For 
when  the  tubes  were  not  broken,  he  obferved 
that  a  great  number  of  air  bubbles  were  let 
loofe,  through  the  whole  mafs  of  the  water, 
rofe  to  the  top,  and  mixed  with  the  common 
atmofphere 

He  alfo  imagined  that  the  eleCtric  fluid 
aCted  upon  the  fixed  air  in  ail  bodies,  though 
no  experiment  could  make  it  fenfible  f. 

On  the  contrary,  he  fuppofed  that  the  ac¬ 
tion  of  the  electric  matter  tended  to  fix  elaftic 
- 

air,  fay  exciting  a  fulphureous  matter,  which 
Dr*  Hales  fliows  to  have  that  property  But 
the  experiment  above-mentioned,  of  the  elec¬ 
tric  fpark  taken  in  a  clofed  tube,  doth  not 
favour  this  fuppofition. 

When  a  fmall  drop  of  water  was  put  be¬ 
tween  the  points  of  two  wires,  and  a  large 
ihock  pafled  through  them,  the  water  was 
equally  difperfed  on  the  infide  of  a  glafs 
fphere,  in  which  they  were  all  inclofed.  In 
the  fame  manner,  he  conjectures,  that  the  ac¬ 
tion  of  the  eledtric  matter  promotes  the  eva¬ 
poration  of  water  §. 

Discharging  a  fliock  through  a  quantity 
of  water,  poured  on  a  fl  at  furface,  where  fome 
parts  of  the  circuit  were  purpofely  left  almoft 
dry  ;  thole  parts  became  quite  dry  fooner  than 
they  would  have  been,  if  no  (hock  had  pafled 
through  them  |j. 

*■ 

*  Elettricifmo  amficiale,  &c.  p.  116.  f  Ibid.  p.  83. 

Jllbid.  §  Ibid.  p.  117.  jjlbid.p.  121. 
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Upon  this  principle  he  accounts  for  the 
iuppofed  binding  of  the  blood  veflels  in  fmall 
birds  killed  by  the  eledric  fhock  And 
when  a  mufcle  contracts  by  the  fhock,  he 
fuppofes  it  is  owing  to  the  dilatation  of  the 
fluidp  their  fibres  contain,  as  the  eledric  mat¬ 
ter  pafles  through  them. 

So  impeded  a  condudor  of  eledricity  is 
mere  water,  that,  he  thought,  a  green  leaf 
conduded  a  fhock  better  than  an  equal  thick- 
nefs  of  water  f .  If  this  be  true,  and  veget¬ 
able  fluids  condud  eledricity  better  than  wa¬ 
ter,  it  will  confirm  a  conjedure  which  Dr« 
Franklin  told  me  he  had  drawn  from  fome 

’  *  «  ’  4 

experiments  that  he  had  not  properly  purfued, 
viz  that  animal  fluids  conduded  eledricity 
better  than  water.  He  tried  milk  many  years 
ago ;  and  Mr.  Kinnerfley,  and  others  in 
America,  have  fince  tried  blood  and  urine, 
and  alfo  the  finews  of  animals  newly  killed ; 
and  they  were  all  found  to  be  exceedingly 
good  condudors,  remarkably  better  than 
water. 

Signior  Beccaria  alfo  found,  that  even 
metal  was  not  a  perfed  condudor  of  elec¬ 
tricity,  but  made  fome  refiftance  to  the  paf- 
fage  of  the  eledric  fluid.  This  he  afcertain- 
ed,  by  meafuring  the  time  that  it  wTas  retard¬ 
ed,  in  its  pafling  through  long  and  fmall 
wires,  notwithflanding  the  experiments  which 
had  been  made  before,  that  feemed  to  prove 
the  contrary. 

*  Elettriclfmo  artificiale,  &c.  p.  128.  f  Ibid.  p.  135. 
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He  fufpended  a  wire  of  five  hundred  Paris 
feet,  in  a  large  building,  and,  by  means  of  a 
pendulum  which  vibrated  half  feconds,  ob¬ 
served,  that  light  bodies  placed  under  a  ball 
of  gilt  paper,  at  one  end,  did  not  move,  till, 
at  leaft,  one  vibration  of  this  pendulum,  after 
he  had  applied  the  wire  of  a  charged  phial  to 
the  other. 

Trying  the  fame  with  a  hempen  cord,  he 
could  count  fix,  or  more  vibrations  before 
they  would  ftir;  but  when  he  had  wetted 
the  cord,  they  were  moved  after  two  or  three 
vibrations*.  He  does  not,  however,  abfo- 
lutely  fay  that,  the  eledlric  fluid  mult  have 
taken  up  all  this  time  in  its  progrefs,  as  it 
might  require  a  certain  quantity  of  the  fluid, 
before  it  could  raife  the  light  bodies.  But  he 
did  imagine?  that  it  moved  with  more  velo¬ 
city,  in  proportion  as  the  bodies  into  which 
it  paffed  had  more  or  lefs  of  the  fluid  before  f  • 
And  he  was  confirmed  in  this  opinion  by  fe- 
veral  phenomena  of  the  atmofphere,  which 
will  be  related  in  their  proper  place,  particu¬ 
larly  by  feeing,  very  evidently,  the  progrefs  of 
a  quantity  of  eledtric  matter  in  the  air,  as  it 
advanced  to  ftrike  his  kite. 

To  thefe  experiments  of  Signior  Beccaria 
on  the  condudling  powers  of  air  and  water,  I 
fhall  fubjoin  another  curious  fet  of  the  fame 
author,  fhowing  the  manner  in  which  the 
fmoke  of  rofin  and  of  colophonia  is  affect¬ 
ed  by  the  approach  of  an  electrified 

*  Elettricifmo  artinciale,  & c.  p.  51.  f  Ibid. 
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body,  as  they  have  a  very  near  affinity  to 
this  fubjed. 

Repeating  Dr.  Franklin’s  experiments 
to  make  eiedric  atmofpheres  vifible  with  the 
fume  of  colophonia,  which  he  preferred,  for 
this  purpofe,  to  rofin;  he  obferved  feveral 
curious  circumftances,  which  had  efcaped  the 
notice  of  that  ingenious  philofopher. 

He  heated  the  colophonia  on  a  coal,  which 
he  held  in  a  fpoon  under  an  eledrified  cube 
of  metal ;  and  obferved,  that  when  part  of 
the  fmoke  afcended  to  the  cube,  another  part 
covered  the  handle  of  the  fpoon,  and  fpread 
to  his  hand 

The  fmoke  lay  higher  on  the  flat  parts  of 
the  cube  than  on  the  edges,  and  corners. 

If  a  fpark  was  taken  from  the  condudor, 
the  fmoke  was  thrown  into  an  agitation,  but 
prefently  refumed  its  former  fituation. 

The  cube  with  its  atmofphere  gave  larger*, 
and  longer  fparks,  than  a  cube  not  fur  round¬ 
ed  with  one. 

A  larger  fpark  might  be  taken  from  it 
by  the  fpoon,  than  by  any  other  body. 

Having  infulated  the  fpoon,  he  obferved, 
that  hardly  any  of  the  fmoke  went  to  the 
cube;  and  that  what  happened  to  go  near 
it  was  not  affeded  by  it,  any  more  than  it 
would  have  been  by  any  other  body.  He 
put  his  finger  to  the  fpoon,  and  the  former 
phenomena  returned.  Taking  it  off  again, 


#  Elettrlcifaio  artificial^,  p,  72. 
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the  fmoke  that  had  fettled  on  the  cube  food 
difperfed 

Under  this  head  of  the  electricity  of  van- 
bus  fubflances,  it  will  not  be  improper  to 
mention  an  experiment  made  by  Mr.  Henry 
Eeies  of  Lifmore  inlreland,  which,  he  thought, 
proved  that  fleam,  and  exhalations  of  all 
kinds,  are  electrical.  The  paper  containing 
this  account  was  read  at  the  Royal  Society, 
April  the  23d,  17550 

He  eletrified  a  piece  of  down,  fufpended 
oil  the  middle  of  a  long  {ilk  firing,  and  made 
ftearii  and  fmoke  of  feteral  kinds  pafs  under 
it,  and  through  it ;  and  obferved,  that  its  elec¬ 
tricity  was  not  in  the  leaft  diminifhed,  as  he 
thought  it  would  have  been,  if  the  vapour 
had  been  nou-eledtric,  arid  confeqiiently  had 
taken  away  with  it  part  of  the  eledtric  mat¬ 
ter  with  which  the  down  was  loaded.  He 
obferved  that  the  effedt  was  the  fame,  whether 
the  down  was  electrified  with  glafs  or  wax, 
which  he  thought  was  not  eafy  to  be  account¬ 
ed  forf. 

To  this  experiment  Dr.  Darwin  of  Litch¬ 
field,  in  a  letter  addreffed  to  the  Royal  So¬ 
ciety,  and  read  May  the  5th,  175 7,  anfwers  ; 
that  many  eledtrified  bodies,  and  particularly 
all  light,  dry,  animal,  and  vegetable  fub¬ 
flances,  will  not  eafily  '  part  with  their  elec¬ 
tricity,  though  they  be  touched,  for  a  confi- 
derable  time,  with  conductors.  He  touched 


*  Elettricifmo  artificiale,  p.  73,  74. 
f  Phil.  Tranf.  VoL  xlix.pt,  2,  p.  153* 
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a  feather,  eledrified  like  that  of  Mr.  Eeles, 
nine  times  with  his  finger,  and  hill  found  it 
eledrified.  A  cork  ball  was  touched  feven 
times  in  tenfeconds  before  it  was  exhauftedA 

* 

Mr.  Kinnersley  of  Philadelphia,  in  a 
letter  dated  March  1761,  informs  his  friend 
and  correfpondent  Dr.  Franklin,  then  in 
England,  that  he  could  not  eledrify  any 
thing  by  means  of  jieam  from  eledrified  boil¬ 
ing  water  ;  from  whence  he  concluded,  that, 
contrary  to  what  had  been  before  fuppofed 
by  himfelf  and  his  friend,  fleam  was  fo  far 
from  rifmg  eledrified,  that  it  left  its  fhare  of 
common  eledricity  behind  j\ 

To  try  the  effeds  of  eledricity  upon  air, 
Mr.  Kinnerfley  contrived  an  excellent  inftni- 
ment,  wdiich  he  calls  an  ekffirical  air  thermo « 
meter .  It  confided  of  a  glafs  tube,  about 
eleven  inches  long,  and  one  inch  in  diame¬ 
ter,  made  air  tight,  doled  with  brafs  caps  at 
each  end,  and  a  fmall  tube,  open  at  both 
ends,  let  down  through  the  upper  plate,  into 
forne  water  at  the  bottom  of  the  wider  tube* 
Within  this  veffel  he  placed  two  wires,  one 
defcending  from  the  brafs  cap  at  the  upper 
end,  and  the  other  afcending  from  the  brafs 
cap  at  the  lower  end  ;  through  which  he  could 
difcharge  a  jar,  or  tranfmit  a  fpark,  &c.  and 
at  the  fame  time  fee  the  expanlion  of  the  air 
in  the  veffel,  by  the  rife  of  the  water,  in  the 
fmall  tube.  With  this  inftrument  he  made 
the  following  experiments,  related  in  a  let- 

*  Phil.  T  anf.  Vol.  1.  pt.  i.  p.  252. 
f  Ibid.  V ;;i  liii,  pt.  i.  p.  84. 
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ter  to  Dr.  Franklin,  dated  March  the  12th, 
1761. 

He  fet  the  thermometer  on  an  electric  hand, 
with  the  chain  fixed  to  the  prime  conductor, 
and  kept  it  well  eledrified  a  confiderable  time; 
but  this  produced  no  confiderable  effed : 
from  whence  he  inferred,  that  the  eledric 
fire,  when  in  a  ftate  of  reft,  had  no  more 
heat  than  the  air,  and  other  matter  wherein 
it  refides. 

When  the  two  wires  within  the  veflfel 
were  in  contad,  a  large  charge  of  eledricityy 
from  above  thirty  fquare  feet  of  coated  glafs, 
produced  no  rarefadion  in  the  air  ;  which 
Ihowed,  that  the  wires  were  not  heated  by 
the  fire  palling  through  them. 

When  the  wires  were  about  twro  inches 
afunder,  the  charge  of  a  three  pint  bottle, 
darting  from  one  to  the  other,  rarefied  the 
air  very  evidently ;  which  Ihewed,  that  the 
eledric  fire  produced  heat  in  itfelf,  as  Mr. 
Kinnerfley  fays,  as  well  as  in  the  air,  by  its 
rapid  motion. 

The  charge  of  a  jar  which  contained  about 
five  gallons  and  a  half,  darting  from  wire  to 
wire,  would  caufe  a  prodigious  expanfion  in 
the  air;  and  the  charge  of  his  battery  of 
thirty  fquare  feet  of  coated  glafs  would  raife 
the  water  in  the  fmall  tube  quite  to  the  top. 
Upon  the  coalefcing  of  the  air,  the  column  of 
water,  by  its  gravity,  inftantly  fubfided,  till 
it  was  in  equilibrio  with  the  rarified  air.  It 
then  gradually  defcended,  as  the  air  cooled, 
and  fettled  where  it  flood  before.  By  care- 
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ftilty  obferving  at  what  height  the  defcending 
water  firft  flopped,  the  degree  of  rarefaction, 
he  fays,  might  be  difcovered,  which,  in  great 
explofions,  was  very  confiderable. 

It  is  obvious  to  remark,  that  the  firft  hid¬ 
den  rife  of  the  water  of  Mr.  Kinnerfley’s  ther¬ 
mometer,  upon  an  explofion  being  made  in 
the  veffel  which  contained  it,  is  not  to  be 
afcribed  to  the  rarefaction  of  the  air  by  heat, 
but  to  the  quantity  of  air  actually  difplaced 
by  the  electrical  flafti.  It  is  only  when  that 
firft  hidden  rife  is  fubiided,  as  Mr.  Kinnerfley 
himfelf  obferves,  that  the  degree  of  its  rare¬ 
faction  by  the  heat  can  be  efti mated,  viz.  by 
the  height  at  which  the  water  then  hands 
above  the  common  level. 

Dr.  F ran l kin  had  faid,  that  ice  failed  to 
condut  a  fhock  of  eletricity ,  and  Mr.  Berg¬ 
man,  in  a  letter  to  Mr.  Wilfon,  read  at  the 
Royal  Society  November  the  20th,  1760, 
fhows  (what  Signior  Beccaria  had  done  be¬ 
fore)  that  a  fmall  quantity  of  water  failed  as 
much  as  the  ice  had  done  with  Dr.  Franklin, 
who  feems  to  have  made  ufe  of  an  icicle 
which,  Mr.  Bergman  thought,  was  not  large 
enough  for  the  purpofe.  From  hence  he  fuf- 
pecfted,  that  large  quantities  of  ice  would  tranf- 
mit  a  fhock  of  electricity  as  perfectly  as  a  large 
quantity  of  water  *. 

Ho  wever,  he  feems,  afterwards,  to  have 
changed  his  fentiments  with  refpect  to  ice  : 
for,  in  a  fubfequent  paper,  read  at  the  Royal 

*  Phil.  Tranf.  Vo!,  li.  pt.  ii.  p,  908. 
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Society  March  the  18th,  1762,  when  he  had 
remarked  that  fnow  would  not  conduct  the 
eledric  fhock,  he  fays,  he  believes,  if  he 
could  procure  plates  of  ice  of  a  proper  thick- 
nefs,  he  could  charge  them  in  the  fame  man¬ 
ner  as  glafs  *. 

Joh  annes  Franciscus  Cigna  was  fo  fully 
perfuaded  of  the  non-conduding  power  of 
ice,  that  he  made  ufe  of  it  in  an  experiment, 
deligned  to  afcertain  whether  eledric  fub- 
fiances  did,  according  to  Dr.  Franklin’s  hy- 
pothefis,  contain  more  of  the  ele<dric  matter 
than  other  bodies.  He  inclofed  a  quantity  of 
ice  in  a  glafs  veflel,  and  when  he  thought  he 
had  converted  it  from  an  eledric  to  a  non- 
eledric  by  melting ;  he  tried  whether  it  was 
eledrified ;  but,  though  he  found  no  appear¬ 
ance  of  its  having  acquired  any  more  of  the 
fluid  than  it  ought  to  have  in  its  new  ftate, 
he  does  not  feem  to  have  given  up  his  opi¬ 
nion  f. 

In  the  laft  part  of  this  work  the  reader  will 
find  fome  experiments,  which,  it  is  imagin¬ 
ed,  will  afcertain  the  clafs  of  bodies  in  which, 
ice  ought  to  be  ranked,  by  proving  its  con- 
duding  power  to  be,  at  leaft,  nearly  equal  to 
that  of  water. 

V. 

*  Phil.  Tranf.  Vol  lii.  pt.  ii.  p.  484. 

t  Memoirs  of  the  Academy  at  Turin,  for  the  yea*  1765.., 
P*  47* 
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SECTION  lit 

Mr.  CANTON’s  experiments  and  di s« 

COVERI5S  RELATING  TO  THE  SURFACES 
OF  ELECTRIC  BODIES,  AND  OTHERS  MADE 
IN  PURSUANCE  OF  THEM,  OR  RELATING 
TO  THE  SAME  SUBJECT  j  ALL  TENDING 
TO  ASCERTAIN  THE  DISTINCTION  BE¬ 
TWEEN  THE  TWO  ELECTRICITIES* 

I  ¥  '  ILL  this  laft  period  of  the  hiltory,  the 
fame  electricity  had  always  been  pro¬ 
duced  by  the  fame  eleCiric.  The  friction  of 
glafs  had  always  produced  a  pofltive,  and  the 
friCtion  of  fealing-wax,  &c.  had  always  prp^ 
duced  a  negative  electricity.  Thefe  were 
thought  to  be  effential,  and  unchangeable 
properties  of  thofe  fubftances ;  and  hence  the 
one  was  by  many  called  the  vitreous,  and 
the  other  the  relinous  electricity ;  and  to  elec¬ 
trify  negatively,  that  is  produce  a  refinous  elec^ 
tricity,  by  means  of  glafs  ;  or  to  eleCtrify  pofi-i? 
lively,  that  is,  produce  a  vitreous  electricity, 
by  means  of  fealing-wax,  &c.  wpuld  have 
been  thought  as  great  a  paradox,  as  to  elec¬ 
trify  at  all  by  the  friction  of  brafs  or  iron. 
For  though  it  was  not  known  why  the  elec¬ 
tric  matter  fhould  flow  from  the  rubber  to 
the  excited  glafs,  or  to  the  rubber  from  ex¬ 
cited  fealing-wax,  the  faCt  had  been  inva¬ 
riable  ;  and  nothing  is  even  mentioned  to 
have  happened,  in  the  courfe  of  any  experi- 
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merits,  that  could  lead  a  perfon  to  fufpeCt  the 
poffibility  of  the  contrary. 

What  then  muft  have  been  the  furprife  of 
electricians,  to  find  that  thefe  different  powers 
of  glafs  and  fulphur  were  fo  far  from  being 
invariable,  that  they  were  even  interchange¬ 
able;  and  that  the  fame  glafs  tube  could  be 
made  to  a  {fume  the  powers  of  both !  And 
what  muff  have  been  their  fatisfaCtion  to  find 
the  ci.rcumftance  on  which  the  convertibility 
of  thole  oppofite  powers  depended,  complete¬ 
ly  afcertained.  This  furprife  and  pleafure 
was  given  them  by  Mr.  Canton,  who  fhowed 
that  it  depended  only  on  the  rubber,  and  the 
furface  of  the  glafs,  whether  it  electrified  po- 
fitively  or  negatively. 

In  what  manner,  by  what  train  of  thought, 
or  by  what  accident  he  was  led  to  this  difco- 
very,  this  excellent  philofopher  has  not  been 
pleafed  to  inform  us  ;  but  it  is  certainly  a  dif- 
covery  which,  in  an  eminent  manner,  diftin- 
guiihes  this  period  of  my  hilfory.  It  throws 
great  light  upon  the  dodrine  of  politive  and 
negative  eledtricity,  and  led  the  way  to  other 
difcoveries  which  throw  flill  more  light  up¬ 


on  it. 

This  fubyeCt  of  the  two  electricities  feems 
to  have  engaged  the  attention  of  electricians 
in  a  more  particular  manner,  in  the  whole 
courfe  of  this  period,  and  ever  fince  the  dif- 
covery  of  Dr.  Franklin,  that  the  eledtricity  of 
the  two  furfaces  of  charged  glais  are  always 
contrary  to  one  another.  Accordingly,  the 
reader  will  find  feveral  factions  in  this  period 
b  of 
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of  the  hiftory  relating  to  it;  but  he  will  find 
that  though  much  has  been  done,  much  yet 
remains  to  be  done ;  and  that  we  are  ftill  far 
from  thoroughly  underftanding  the  nature  of 
the  two  eledlricities,  with  their  dependence 
upon  and  relation  to  one  another. 

Previous  to  the  communication  of  the  dif- 
covery  itfelf,  Mr.  Canton  obferves,  that  feal- 
ing-wax  might  have  pofitive  electricity  fuper- 
induced  upon  it.  He  excited  a  flick  of  feal- 
ing-wax  about  two  feet  and  a  half  in  length, 
and  an  inch  in  diameter ;  and,  holding  it  by 
the  middle,  he  drew  an  excited  glafs  tube  fe- 
veral  times  over  one  part  of  it,  without  touch- 
ing  the  other.  The  confequence  was,  that 
that  half  which  had  been  expofed  to  the  ac¬ 
tion  of  the  excited  glafs  was  pofitive,  and  the 
other  half  negative  :  for  the  former  half  de~ 
ftroyed  the  repelling  power  of  balls  elec¬ 
trified  by  glafs,  while  the  other  half  increas¬ 
ed  it 

The  experiments,  which  prove  that  the 
appearances  of  pofitive  and  negative  electri¬ 
city  depend  upon  the  furface  of  the  eledtrics, 
and  that  of  the  rubber,  were  made  in  the  lat¬ 
ter  end  of  December  1753. 

Having  rubbed  a  glafs  tube  with  a  piece 
of  thin  fheet  lead,  and  flour  of  emery  mixed 
with  water,  till  its  tranfparency  v^as  intirely 
deftroyed,  he  excited  it  (when  it  was  made 
perfectly  clean  and  dry)  with  new  flannel, 
and  found  it  adt  in  all  refpedts  like  excited 

#  Phil.  Tranf.  Vol.  xlviii.  pt.  ie  p.  356, 
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fulphur  or  fealing-wax.  The  eledlric  fire 
feemed  to  iffue  from  the  knuckle,  or  end  of 
the  finger,  and  to  fpread  itfelf  on  the  furface 
of  the  tube,  in  a  very  beautiful  manner. 

If  this  rough  or  unpolifhed  tube  was  ex¬ 
cited  by  a  piece  of  dry  oiled  filk,  efpecially 
when  rubbed  over  with  a  little  chalk  or  whit¬ 
ing,  it  would  adt  like  a  glafs  tube  with  its  na¬ 
tural  polifh.  In  this  cafe  the  eledtric  fire  ap¬ 
peared  only  at  the  knuckle,  or  the  end  of  the 
finger,  where  it  feemed  to  be  very  much  pon- 

denfed,  before  it  entered. 

*  •  * 

Bu  t  if  the  rough  tube  was  greafed  all  over 
with  tallow  from  a  candle,  and  as  much  as 
poffible  of  it  wiped  off  with  a  napkin,  then 
the  oiled  filk  would  receive  a  kind  of  polifh 
by  rubbing  it ;  and,  after  a  few  ftrokes,  would 
make  the  tube  adt  in  the  fame  manner  as  when 
excited  at  firft  by  flannel. 

The  oiled  filk,  when  covered  with  chalk 
or  whiting,  would  make  the  greafed  rough 
tube  adt  again  like  a  pqlifhed  one  ;  but  if  the 
fridtion  was  continued  till  the  rubber  became 
finooth,  the  eledtric  power  would  be  changed 
to  that  of  fulphur,  fealing-wax,  &c. 

Thus,  fays  he,  may  the  pofitive  and  ne¬ 
gative  powers  of  electricity  be  produced  at 
pleafure,  by  altering  the  furfaces  of  the  tube 
and  rubber,  according  as  the  one  or  the  other, 
is  moft  afiedted  by  the  fridtion  between  them. 
For  if  the  polifli  be  taken  off  one  half  of  a 
tube,  the  different  powers  may  be  excited 
with  the  fame  rubber  at  a  Angle  ftroke  ;  and, 
fie  adds,  the  rubber  is  found  to  move  much 
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eafier  over  the  rough,  than  over  the  polifhed 
part  of  it. 

Th  at  polifhed  glafs  electrified  pofitively, 
and  rough  glafs  rubbed  with  flannel  negative¬ 
ly,  feemed  plain  from  the  appearance  of  the 
light  between  the  knuckle,  or  end  of  the 
finger,  and  the  refpeCtive  tubes.  But  this, 
Mr.  Canton  thought,  was  farther  confirmed 
by  obferving,  that  a  polifhed  glafs  tube,  when 
excited  by  fmooth  oiled  filk,  if  the  hand  was 
kept  three  inches,  at  leaft,  from  the  top  of 
the  rubber,  would,  at  every  ftroke,  appear  to 
throw  out  a  great  number  of  diverging  pencils 
of  eleCtric  fire  >  but  that  none  were  ever  feen 
to  accompany  the  rubbing  of  fulphur,  feal- 
ing~wax,’&c.  nor  was  he  ever  able  to  make 
any  fenfible  alteration  in  the  air  of  a  room 
merely  by  the  friction  ofthofe  bodies  |  jyhgtfe* 
as  the  glafs  tube,  when  excited  fo  as  to  emit 
pencils,  would,  in  a  few  minutes,  eledlrify 
the  air,  to  fuch  a  degree,  that,  after  the  tube 
was  carried  away,  a  pair  of  balls,  about  the 
fize  of  the  fmallefl;  peas,  turned  out  of  cork, 
or  the  pith  of  elder,  and  hung  to  a  wire  by 
linen  threads  of  fix  inches  long,  would  repel 
each  other  to  the  diftance  of  an  inch  and  an 
half,  when  held  at  arm’s  length  in  the  middle 
of  the  room  *. 

After  thefe  experiments  of  Mr.  Canton, 
Mr.  Wilfon  made  feveral,  which  throw  a 
little  more  light  upon  this  curious  fubjeCt ; 
but  it  is  difficult  to  draw  any  general  conclu- 

*  Phil.  Tranf.  Vol.  xlviii.  pt.  ii.  p,  782, 
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fion  from  them,  and  his  own  is  not  fufEcient- 
ly  determinate,  it  is,  that  two  eledtrics  be¬ 
ing  rubbed  together,  the  body  wThofe  fub- 
ftance  is  hardeft,  and  ele&ric  power  ftrongeft, 
will  always  be  plus ,  and  the  fofteft  and 
weakeft  minus  *.  Rubbing  the  tourmalin  and 
amber  together,  he  produced  a  plus  eledtricity 
on  both  Tides  of  the  ftone,  and  a  minus  on  the 
amber ;  but  rubbing  the  tourmalin  and  dia¬ 
mond  together,  both  Tides  of  the  tourmalin 
were  eledtrified  minus ,  and  the  diamond  plus , 

These  experiments,  which,  he  thought, 
proved  this  propofition,  encouraged  him  to 
try  what  would  be  the  effect  of  rubbing  or 
forcing  air  againfl;  different  eledtrics,  and  the 
effedts  were  very  confiderable.  In  thefe  ex¬ 
periments  he  only  made  ufe  of  a  common  pair 
of  bellows,  and  his  firft  experiment  was  up¬ 
on  the  tourmalin.  This  fubftance  he  brought 
near  the  end  of  the  pipe,  and  found,  that  af¬ 
ter  it  had  received  about  twenty  blafts,  it  was 
eledtrified  plus  on  both  Tides.  Air,  there¬ 
fore,  feemed  to  be  lefs  eledtric  than  the  tour¬ 
malin. 

Into  the  place  of  the  tourmalin,  he  brought 
a  pane  of  glafs,  and  blew  againfl:  it  the  fame 
number  of  times  as  in  the  former  experiment ; 
and  w7hen  he  had  examined  both  bides,  he 
found  that  they  were  eledtrified  plus  alfo,  but 
lefs  than  the  tourmalin. 

A  mbep,  treated  in  the  fame  manner,  was 
eledtrified  lefs  than  the  glafs. 

*  Phil.  Tranf,  Vol.  li.  pt.  i.  p,  331. 
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He  next  had  recourfe  to  a  fmith’s  bellows. 

»  r 

The  difference  which  thefe  occafioned  was 
only  a  much  ftronger  eledtricity  in  the  tour¬ 
malin.  Amber  was  ftill  weaker  than  the 
glafs ;  and  the  glafs  weaker  than  the  tour¬ 
malin. 

Having  in  view  the  medium  (which,  I 
have  obferved,  he  laid  great  ftrefs  upon,  as 
conftituting  the  difference  between  eledtrics 
and  non-eledtrics)  he  confidered  that  heat 
would  rarify  it  on  the  furfaces  of  the  particles 
of  air ;  by  which  means,  air,  having  its  re- 
fiftance  leffened,  would  more  readily  part  with 
the  electric  fluid,  and,  of  confequence,  elec¬ 
trify  more  powerfully. 

The  pipe  of  the  bellows  being  made  red 
hot,  he  blew  againft  the  tourmalin,  twelve 
times  only,  which  was  eight  times  lefs  than  in 
the  former  experiment  with  cold  air.  In  this 
experiment  the  tourmalin  was  eledtrified  plus 
on  both  fides,  but  to  a  confiderable  degree 
more  than  was  done  in  the  former  experi¬ 
ments.  The  hot  air  had  the  fame  effedfc  up¬ 
on  glafs,  but  electrified  it  lefs  than  the  tour¬ 
malin;  and  amber,  though,  like  the  other 
bodies,  it  received  an  increafe  of  power  by 
the  fame  treatment,  was  eledtrified  the  leaf! 
of  all. 

From  the  air  eledtrifying  more  power-* 
fully  when  it  was  hot  than  when  it  was  cold, 
and  the  tourmalin  being  eledtrified  more  than 
glafs,  and  glafs  more  than  amber,  as  appear¬ 
ed  by  the  laft  experiments,  we  feem,  fays 
Mr.  Wilfon,  to  have  obtained  a  proof,  that 

the 
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the  whole  atmofphere  is  conftantly  pro¬ 
moting  a  flow  of  the  eledric  fluid,  by  the  al¬ 
ternate  changes  of  heat  and  cold  ;  and  farther, 
that  air  is  not  only  lefs  eledric  than  the  tour¬ 
malin,  but  lefs  than  glafs,  or  even  amber 

In  another  paper,  read  at  the  Royal  So¬ 
ciety  November  the  13th,  1760,  Mr.  Wilfon 
recites  fome  curious  experiments,  which,  he 
fays,  fhew  that  a  plus  eledricity  may  be  pro¬ 
duced  by  means  of  a  minus  eledricity. 

Having  eledrified  the  inlide  of  a  large 
Leyden  bottle  plus,  by  means  of  a  conduding 
wire  from  an  excited  glafs  globe ;  he  fet  it  on 
a  Hand  of  prepared  wood,  and  took  away  the 
conduding  wire,  after  which  the  mouth  of 
the  bottle  was  clofed  with  a  ftopple  of  glafs. 
Then  the  pointed  end  of  an  ivory  condudor 
was  brought  oppofite  to  the  middle  of  the 
bottle,  and  about  two  inches  from  it.  Upon 
doing  this,  the  balls  were  eledrified  minus  \ 
and  the  more  fo  as  the  ivory  was  moved  nearer 
the  bottle,  in  an  horizontal  diredion. 

But,  on  removing  the  ivory  to  a  greater 
diftance,  the  minus  eledricity  decreafed ;  and, 
at  a  certain  diftance,  there  was  not  any  fign 
of  it  remaining ;  but  when  the  diftance  was 
increafed  to  about  eighteen  inches  from  the 
bottle,  a  plus  eledricity  appeared,  which  con¬ 
tinued  even  after  the  ivory  was  removed  en^ 
tirely  away  f . 

With  a  cylinder  of  baked  wood  he  elec¬ 
trified  the  balls  hanging  to  the  ivory  minus , 

1  *  . 
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the  diftance  of  four  feet  or  more,  by  holding 
the  cylinder  over  the  middle  of  the  ivory,  and 
continuing  it  there ;  and,  on  moving  it  nearer, 
they  were  more  ftrongly  ele drilled  minus ; 
but  the  fame  cylinder,  on  removing  it  back 
again  to  the  diftance  of  two  or  three  feet,  or 
more,  eledrified  the  balls  plus . 

When  another  condudor  of  metal,  with¬ 
out  edges  or  points,  was  ufed,  inftead  of  the 
ivory,  and  without  any  thing  hanging  from 
it,  the  fame  cylinder  held  over  the  metal  (as 
was  done  in  the  laft  experiment  over  the  ivory, 
at  the  diftance  of  two  feet)#produced  a  plus 
eledricity  ;  and  this  was  rendered  weaker  as 
the  cylinder  was  moved  nearer ;  but  by  leflen- 
ing  the  diftance  to  about  one  foot,  the  minus 
eledricity  took  place.  In  thefe  cafes  Mr. 
Wilfon  thought,  that  the  plus  appearance 
arofe  from  the  earth,  air,  or  other  neighbour¬ 
ing  bodies. 

When  the  preceding  experiments  were firfl 
made,  he  was  a  little  embaraffed,  by  the  un¬ 
certain  appearances  of  a  plus  eledricity  at  one 
time,  and  a  minus  at  another,  in  the  fame  ex¬ 
periment;  but,  by  repeated  trials  and  observ¬ 
ations,  he  found,  that  a  plus  or  minus  elec¬ 
tricity  may  be  produced  at  pleafure,  by  care¬ 
fully  attending  to  the  three  following  circum- 
ftances ;  viz.  the  form  of  the  bodies,  their 
fudden  or  gradual  removal,  and  the  degrees 
of  eledrifying. 

Mr.  Wilson,  after  this,  proceeds  to  men¬ 
tion  fome  other  circumftances  of  a  very  nice 
nature,  where,  the  flighted  and  almoft  im¬ 
perceptible 
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perceptible  differences  in  the  pofition  or  in 
the  courfe  of  the  fridion  of  two  bodies  pro¬ 
duce,  in  either  of  them,  the  plus  eledricity  at 
one  time,  and  the  minus  at  another.  Such, 
fays  he,  are  the  effeds  of  this  fubtle  and  ac¬ 
tive  fluid,  when  the  experiments  are  carefully 
made  ;  and  therefore  they  require  the  molt 
fcrupulous  attention  to  trace  out  the  caufes 
“which  occafion  them. 

Sealing-wax  and  filver  were  the  bodies 
ufed  in  the  two  firft  experiments,  but  many 
other  fubftances  feemed  to  perform  as  well. 
The  fealing-wax^as  clean,  and  undifturbed 
by  any  fridion  whatever,  but  that  of  the  air 
furrounding  it,  and  had  been  fo  for  fome 
hours.  The  filver  was  fixed  to  a  piece  of 
prepared  wood,  which  was  alfo  preferved 
from  fridion  for  the  fame  length  of  time. 
Then,  taking  one  of  thofe  fubftances  in  each 
hand,  the  filver  being  at  the  end  of  the  wood 
the  fartheft  from  the  hand,  he  laid  the 
fmootheft  part  of  the  filver  upon  the  fealing- 
wax,  and  moved  it  along  the  furface  gently, 
once  only,  and  with  a  very  flight  preffure, 
after  which  the  filver  was  eledrified  plusy  and 
the  wax  minus . 

On  repeating  the  experiment  with  equal 
care,  and  in  the  fame  manner,  except  that 
the  fmooth  fide  of  the  filver  was  a  little  in¬ 
clined,  fo  that  the  edge  of  it  preffed  againft 
the  wax;  the  filver,  after  moving  it  as  be¬ 
fore,  was  eledrified  minus ,  and  the  wax  plus^ 
contrary  to  what  was  obferved  in  the  laft  ex¬ 
periment. 
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These  oppofite  effects,  occafioned  by  the 
different  applications  of  the  flatted  part  or 
edge  of  the  iilver,  feemed  to  arife  from  an  al¬ 
teration  made  in  the  fur  face  of  the  wax,  by 
deftroying  the  polifh  in  one  cafe,  and  not  in 
the  other  ;  and  in  this  refpeCt  refembled,  the 
polifhed  and  rough  glafs  mentioned  before. 

Upon  making  ufe  of  prepared  wood  inftead 
of  wax,  and  employing  different  degrees  of 
preffure  in  the  friction,  with  the  fame  edge 
of  the  filver,  he  produced  the  like  appear¬ 
ances  ;  the  leaf!  preffure  caufing  a  plus ,  and 
the  greatefl  preffure  a  minus  appearance  in 
the  Iilver. 

A  flat  piece  of  fteel  well  polifhed,  and 
the  edges  rounded  off,  afforded  the  fame  ap¬ 
pearances,  by  only  applying  the  flat  furface 
to  the  wood,  but  it  required  more  prefling  to 
produce  the  minus  effect  in  this  cafe  than  it 
did  in  the  former,  where  the  edge  was  con¬ 
cerned. 

Whether  the  reafon  offered  above  for  ex¬ 
plaining  thefe  laft  curious  appearances  be 
true  or  not,  Mr.  Wilfon  did  not  venture  to 
affirm,  for  want  of  farther  experiments ;  but 
thus  much  he  thought  might  be  fafely  ad¬ 
vanced,  that  we  have  learned  to  produce  at 
pleafure  a  plus  or  minus  electricity  from  the 
fame  bodies,  by  attending  to  the  manner  of 
their  application  and  friction 

Mr.  Bergman,  in  a  letter  to  Mr.  Wilfon, 
read  at  the  Royal  Society  February  the  23d, 

#  Phi!.  Tranf.  Vol.  li,  pt,  ii.  p.  899,  Sec. 
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1764,  gives  an  account  of  fame  curious  ex¬ 
periments  of  his,  which,  in  conjunction  with 
thofe  of  Mr,  Canton  above  mentioned,  con¬ 
cerning  furfaces,  may  throw  confiderable 
light  upon  the  dodrine  of  pofitive  and  nega¬ 
tive  eledricity. 

The  experiments  were  made  with  two  rib¬ 
bons  of  filk,  one  of  which  was  extended  in  a 
frame,  while  Mr.  Bergman  held  the  other  in 
his  hand.  He  obferved,  that  if  the  two  ribbons 
were  the  fame  with  refped  to  texture,  colour, 
fuperficies,  and  in  every  thing  elfe,  as  far  as 
could  be  judged;  and  if  he  drew  the  whole 
length  of  the  ribbon  which  he  held  in  his 
hand  over  one  part  of  that  which  was  extend¬ 
ed  in  the  frame,  that  in  his  hand  contracted 
the  pofitive  eledricity,  and  that  in  the  frame 
a  negative.  If  he  drew  one  part  of  that 
which  he  held  in  his  hand  over  the  whole 
length  of  the  other,  the  effeds  were  re- 
verfed. 

If  the  ribbon  in  his  hand  was  of  a  different 
colour  from  that  in  the  frame  (provided  it  was 
not  black)  the  event  was  the  fame. 

If  the  ribbon  in  his  hand  was  black,  it  was 
always  negative,  which  ever  way  it  was  rub¬ 
bed,  except  that  in  the  frame  was  black  too; 
for  then,  if  the  whole  length  of  it  was  rub¬ 
bed,  it  was  eledrified  positively. 

In  endeavouring  to  account  for  thefe  effeds, 
he  obierves,  that  the  ribbori  which  wras  moft 
rubbed  was  mad  q  f moot  her,  and  warmer  than 
the  other ;  and  was  of  opinion,  that  though 
fmoothnefs  did  dilpofe  bodies  to  be  excited 

pofitively, 
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pofitively,  yet  that  other  circumftances  were 
alfo  to  be  taken  into  confideration ;  having 
found  that  when  he  held  in  his  hand  a  ribbon, 
which,  by  much  friction,  was  made  very 
fmooth,  and  drew  it  over  one  part  of  another 
ribbon,  which  was  rough,  and  had  never 
been  ufed  before,  that  the  rough  ribbon  was, 
neverthelefs,  pofitive.  From  this  experiment 
he  concluded,  that  this  effeCt  was,  in  fome 
meafure,  owing  to  the  colour ;  and,  in  purfu- 
ing  this  thought  farther,  he  was  led  to  the  fol^ 
lowing  experiments. 

If  the  ribbon  in  his  hand  was  well  warm¬ 
ed,  though  it  was  drawn  over  one  part  of 
that  in  the  frame,  it  became  electrified  nega¬ 
tively,  and  that  in  the  frame  pofitively.  ‘  He 
made  thefe  experiments  with  the  fame  fuccefs 
upon  ribbons  of  filk  of  various  colours,  blue, 
green,  red,  white,  &c. 

If  the  ribbon  in  the  frame  was  black,  it 
never  contracted  a  pofitive  eleCtricity,  though 
that  in  his  hand  had  been  much  heated,  ex¬ 
cept  this  were  black  too.  From  thefe  experi¬ 
ments,  he  thought  he  might  fafely  conclude, 
that  heat  did  difpofe  fome  fubftances,at  leaft,  to 
a  negative  ftate ;  and  he  thought  that  the  want 
of  attention  to  this  circumftance  might  have 
occafioned  miftakes  in  the  event  of  fome  ex¬ 
periments,  efpecially  thofe  concerning  ifland 
cryftal. 

From  the  whole  he  concludes,  that  there 
is  a  certain  fixed  order  with  refpeCt  to  nega¬ 
tive  and  pofitive  eleCiricity,  in  which  all 
bodies  may  be  placed,  while  other  circum¬ 
ftances 
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fiances  remain  the  fame.  Let  A,  B,  C,  D,  E$ 
be  certain  fubftances,  each  of  which,  when 
rubbed  with  one  which  is  antecedent  to  it,  is 
negative,  but  with  a  fubfequent  pofitive.  In 
this  cafe,  the  lefs  diftance  there  is  between  the 
bodies  that  are  rubbed,  the  weaker,  ccet .  par . 
will  be  the  eledricity ;  wherefore  it  will  be 
ftronger  between  A  and  E,  than  it  will  be  be¬ 
tween  A  and  B.  Heat,  he  fays,  difpofes 
bodies  to  a  negative  eledricity,  but  if  the  dif¬ 
tance  above-mentioned  be  confiderable,  it  may 
not  be  able  to  overcome ,  though  it  may  weaken 
that  eledricity,  as  is  evident  from  the  ribbon 
of  black  filk.  When  a  glafs  globe  grows 
warm  in  whirling,  we  are  fenfible  that  its 
eledric  power  is  diminifhed.  Is  it  not  ow¬ 
ing,  fays  he,  to  this  circumftance,  that  by 
heat  it  is  more  difpofed  to  negative  eledricity, 
by  which  means  the  diftance  above-mention¬ 
ed  between  the  glafs  and  the  rubber  is 
lefiened  *  ? 

„  Upon  the  fubjed  of  this  fedion,  I  muft  in¬ 
troduce  to  the  acquaintance  of  my  reader  two 
eminent  eledricians  whofe  difcoveries  will 

# 

give  him  the  greateft  fatisfadion;  I  mean 
Mr.  Wilcke,  and  Mr.  ^Epinus,  the  former 
ofRoftock  in  Lower  Saxony,  and  the  latter 
of  Peterfburgh :  a  circumftance  which  gives 
me  an  occafion  of  congratulating  all  the 
lovers  of  the  fciences,  and  particularly  of 
eledricity,  on  the  extenfive  fpread  of  their 
ftudies.  What  joy  would  it  have  given  Mr. 

#  Phil.  Tranf.  VoL  liv.  p.  86. 
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Hauklbee,  or  Mr.  Grey,  to  have  forefeen  that 
two  fuch  admirable  treatifes  on  the  fubjeCt  of 
eleCtricity,  as  thofe  of  the  perfons  above- 
mentioned,  would  come  from  countries  fo  re¬ 
mote  from  the  place  of  its  rife  ! 

Mr.  Wilcke  relates  many  curious  experi¬ 
ments  concerning  the  generation  of  what  he 
calls  fpontaneous  electricity. produced  by  the 
liquefaction  of  eleCtric  fubftances,  which,  com¬ 
pared  with  thofe  of  Mr.  Canton,  throw  great 
light  upon  the  doCtrine  of  pohtive  and  nega¬ 
tive  eledricity. 

He  melted  fulphur  in  an  earthen  veflel, 
which  he  placed  upon  conductors  ;  then,  let¬ 
ting  them  cool,  he  took  out  the  fulphur,  and 
found  it  ftrongly  electrical ;  but  it  was  not  fq> 
when  it  had  ftood  to  cool  upon  eleCtric  fub¬ 
ftances. 

He  melted  fulphur  in  glafs  veffels,  where¬ 
by  they  both  acquired  a  ftrong  eleCtricity  in 
the  circumftances  above  mentioned,  whether 
1  they  were  placed  upon  eleCtrics  or  not ;  but  a 
I  ftronger  in  the  former  cafe  than  in  the  latter; 

:  and  they  acquired  a  ftronger  virtue  ftill,  if 
i  the  glafs  veffel  into  which  they  were  poured 
i  was  coated  with  metal.  In  thefe  cafes,  the 
glafs  was  always  pohtive,  and  the  fulphur  ne- 
;  gative.  It  was  particularly  remarkable,  that 
:  the  fulphur  acquired  no  eleCtricity  till  it  began 
;  to  cool  and  contract,  and  was  the  ftrongeft 
1  when  in  the  ftate  of  greateft  contraction ; 

;  whereas  the  eleCtricity  of  the  glafs  was,  at 
the  fame  time,  the  weakeft ;  and  was  the 
ftrongeft  of  all  when  the  fulphur  was  ftiaken 

T  *  out, 
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out,  before  it  began  to  contract,  and  acquired 
any  negative  electricity. 

Pursuing  thefe  experiments,  he  found 
that  melted  fealing-wax,  poured  into  glafs,  ac¬ 
quired  a  negative  eleCtricity,  but  poured  into 
fulphur  it  acquired  a  pofitive  eleCtricity,  and 
left  the  fulphur  negative.  Sulphur  poured  in¬ 
to  baked  wood  became  negative.  Sealing- 
wax  alio  poured  into  wood  was  negative,  and 
the  wood  confequently  pofitive ;  but  fulphur 
poured  into  fulphur,  or  into  rough  glafs,  ac¬ 
quired  no  eledricity  at  all  *. 

Experiments  limilar  to  thefe  were  alfo 
made  by  Mr.  JEpinus.  He  poured  melted 
fulphur  into  metal  cups,  and  obferved  that 
when  the  fulphur  was  cold,  the  cup  and  the 
fulphur  together  fliowed  no  figns  of  elec¬ 
tricity,  but  fliowed  very  flrong  figns  of  it  the: 
moment  they  were  feparated.  The  electrici¬ 
ty  always  difappeared  when  the  fulphur  was 
replaced  in  the  cup,  and  revived  upon  being 
taken  out  again.  The  cup  had  acquired  a  ne¬ 
gative,  and  the  fulphur  a  pofitive  eleCtricity ; 
but  if  the  eleCtricity  of  either  of  them  had 
been  taken  off  while  they  were  feparate,  they 
would  both,  when  united,  fhow  figns  of  that 
eleCtricity  which  had  not  been  taken  off.  This 
eleCtricity,  he  obferves,  was  only  on  the  fur- 
face  of  the  fulphur 

Mr.  Wilcke  ha-s,  likewife,  recited  feveral 
curious  experiments,  which  he  made  on  the 
friCtion  of  -various  fubftances,  which  like-  • 

*  Wilcke,  p.  44,  &c,  f  iEpini  Tcntamen,  p.  66.  70. 
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wife  throw  confiderable  light  on  the  fame 
fubjeCt. 

Sulphur  and  giafs  rubbed  together  pro¬ 
duced  a  ftrong  electricity,  pofitive  in  the  giafs, 
and  negative  in  the  fulphur. 

Sulphur  and  fealing-wax  being  rubbed 
together,  the  wax  became  pofitive,  and  the 
fulphur  negative. 

Wood  rubbed  with  cloth  was  always  ne¬ 
gative. 

Wood  rubbed  againft  fmooth  giafs  became 
negative,  but  againft  rough  giafs  politive. 

Sulphur  rubbed  againft  metals  was  always 
pofitive,  and  this  was  the  only  cafe  in  which 
it  was  fo ;  but  being  rubbed  againft  lead  it 
became  negative,  and  the  metal  pofitive;  lead 
appearing,  thereby,  to  be  not  fa  good  a  con¬ 
ductor  as  the  other  metals. 

After  thefe  experiments,  Mr.  Wilcke 
gives  the  following  catalogue  of  the  principal 
fubftances  with  which  electrical  experiments 
are  made,  in  the  order  in  which  they  are  dif- 
pofed  to  acquire  pofitive  or  negative  elec-?* 
tricity  ;  any  of  the  fubftances  becoming  pofi- 
tively  electrical  when  rubbed  with  any  that  fol¬ 
low  it  in  the  lift,  and  negative  when  rubbed 
with  any  that  precede  it. 

White  wax. 

Rough  giafs. 

Lead. 

Sulphur, 

Other  metals 

*  *  Wilcke,  p,  54,  &c, 

T  2 


Smooth  giafs. 
Woollen  cloth. 
Quills. 

Wood. 

Paper. 

-wax. 
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In  all  experiments  made  to  determine  the 
order  of  thefe  fubftances,  Mr.  Wilcke  fays, 
that  great  care  is  neceflary,  to  diftinguilh  ori¬ 
ginal  electricity  from  that  which  is  communi¬ 
cated,  or  the  confequence  of  friction*. 

Mr.  Wilcke  lays  that  fmooth  glafs  is  in 
all  cafes  pofitive,  and  thence  infers  that  it  at¬ 
tracts  the  electric  fluid  the  molt  of  all  known 
fubftances ;  but  Mr.  Canton  tells  me  he  has 
found,  that  the  fmootheft  glafs  will  acquire  a 
negative  electricity  by  being  drawn  over  the 
back  of  a  cat. 

Of  the  fame  nature  with  thefe  experiments 
of  Mr.  Wilcke  are  the  following  of  iEpinus, 
He  preffed  clofe  together  two  pieces  of  look¬ 
ing- glafs,  each  containing  fome  fquare  inches; 
and  obferved,  that  when  they  were  feparated, 
and  not  buffered  to  communicate  with  any 
conductor,  they  each  acquired  a  ftrong  elec¬ 
tricity,  the  one  pofitive,  and  the  other  nega¬ 
tive,  When  they  were  put  together  again,  the 
electricity  of  both  difappeared,  but  not  if  either 
of  them  had  been  deprived  of  their  electricity 
when  they  were  afunder  ;  for  in  that  cafe,  the 
two  when  united,  had  the  electricity  of  the 
other.  The  fame  experiment,  he  fays,  may 
be  made  wfith  glafs  and  fulphur,  or  with  any 
other  electrics,  or  with  any  electric  and  a 
piece  of  metal  f. 

#  Wilcke,  p.  69.  f  FEpini  Tentamen,  p.  6y 
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SECTION  IV. 

Mr.  DEL  AVAL’  S  EXPERIMENTS  RELATING 
TO  THE  TWO  ELECTRICITIES,  AND  HIS 
CONTROVERSY  WITH  Mr.  CANTON  UPON 
THAT  SUEJECT. 


T\  y|"R.  CANTON,  in  the  courfe  of  experi- 
XV JL  ments  related  in  the  preceding  feCtion, 
clearly  proved,  that  the  production  of  either 
of  the  two  electricities  depends  intirely  upon 
the  furface  of  the  excited  eleCtric  with  refpeCt 
to  the  rubber,  and  fhowed,  that  the  very  fame 
glafs  tube  would  produce  either  of  them  at 
pleafure ;  yet,  notwithstanding  this  demon- 
hration,  Mr.  Delaval,  feveral  years  after¬ 
wards,  propofed  another  theory  of  the  two 
electricities,  which  feems  to  be  more  ingeni¬ 
ous  than  folid ;  as  it  goes  upon  the  old  fup- 
pofition  of  the  different  powers  depending 
intirely  upon  the  different  fubftances  them- 
felves.  The  account  of  this  theory  was  read 
at  the  Royal  Society,  March  the  2?.d,  17^9. 
It'neceffarily  occafioned  fome  controverfy  with 
Mr.  Canton,  in  the  courfe  of  which  fome 
new  experiments  were  made,  and  fome  new 
faCts  difcovered  ;  on  account  of  which  1  ihall, 
with  the  utmofl  impartiality,  report  all  that 
was  advanced  on  both  fides. 

Mr.  Delaval  obferved,  that  there  are 
two  of  the  pure  chyinical  principles  of  bodies, 
viz.  earth  and  julphur ,  which  are  each  pof- 

T  7  feffed 
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feffed  of  a  different  kind  of  eleCfricity ;  one 
of  which  we  might  call  a  plus  electricity,  the 
other  a  minus ;  and  thought  that  it  might  be 
expected,  that,  in  a  body  compounded  of 
both,  the  oppofite  powers  of  thofe  ingredi¬ 
ents  would  counterbalance,  and  deftroy  the 
effeCt  of  each  other  ;  and  therefore,  that 
bodies  in  which  the  negative  and  pofitive 
powers  were  equal,  would  be  neutral,  or 
non -eleCtrics.  Such  a  fubftance  he  took  me¬ 
tal  to  be,  confifting  of  calx  and  fulphur  ;  me¬ 
tals  not  being  calcinable  without  a  degree  of 
heat  fufficient  to  diffipate  all  their  fulphur;  as 
is  evident  from  their  not  being  reducible  again 
to  their  metallic  form,  without  the  admix¬ 
ture  of  fome  unCtuous  matter.  N  The  fame 
diflipation  of  fulphur,  he  fays,  muff  take 
place  in  animal  and  vegetable  fubftances,  be¬ 
fore  they  become  white  afhes.  Tranfparent 
Hones  he  confidered  as  little  more  than  pure 
earth,  free  from  the  leaf!  mixture  of  oil ; 
judging  of  others  by  the  chymical  refolution 
of  cryftal. 

1  o  confirm  this  theory,  Mr  Delaval  made 
experiments  with  dry  powders  of  calcined 
metals,  viz.  cerufs,  lead  afhes,  minium,  calx 
of  antimony,  &c.  inclofmg  them  in  long 
glafs  tubes,  and  endeavouring  to  tranftnit  the 
deCtric  virtue  through  them,  and  always  find¬ 
ing  it  impoffible.  Animal  and  vegetable  fub¬ 
ftances,  when  reduced  to  allies,  were  alike 
impermeable  to  electricity,  as  alfo  the  ruft  of 

metals. 
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He  was  firft  led  to  tliefe  experiments,  and 
to  this  hypothefis,  by  finding  that  dry  mould 
would  not  condudl:  electricity.  This  he  alfo 
tried  with  dry  Portland  ftone,  fome  of  which 
he  had  cut  into  plates  nearly  as  thin  as  win¬ 
dow  glafs.  Thefe  he  heated  to  a  proper  de¬ 
gree,  and  coated  them  on  both  fides  with 
metal,  in  order  to  make  the  Leyden  experi¬ 
ment.  When  the  ftone  was  hot  enough  to 
finge  paper,  it  condu&ed  as  perfectly  as 
when  cold  j  but  on  cooling  a  little,  it  began 
not  to  conduCt,  and  afforded  fmail  fhocks  ; 
which  gradually  increafed  in  ftrength  for 
about  ten  minutes,  at  which  time  it  was  about 
its  moft  perfeft  ftate,  and  remained  fo  near  a 
quarter  of  an  hour.  After  that  time,  the 
ihocks  gradually  decreafed,  as  the  ftone  grew 
cooler;  till,  at  laft,  they  ceafed,  and  the 
ftone  returned  to  its  conducing  ftate  again, 
but  this  ftate  appeared  before  the  ftone  was 
quite  cold. 

Experiments  of  this  kind  fucceeded  with 
all  bodies  abounding  with  calx,  or  earth,  as 
ftones,  earth,  dry  clay,  wood  when  rotten, 
or  burned  in  the  fire  till  the  furface  becomes 
black.  Among  other  fubftances  he  tried  a 
common  tobacco-pipe,  part  of  which,  near 
the  middle,  he  heated  to  a  proper  degree,  and 
then  applied  one  end  of  it  to  an  electrical  bar, 
while  the  other  was  held  in  the  hand ;  and  he 
obferved,  that  the  eleCtric  fluid  paffed  no  far¬ 
ther  along  the  pipe  than  to  the  heated  part 

*  Phil.  Tranf.  Vol.  li.  pt.  i.  p.  83, 
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From  thefe  experiments  Mr.  Delaval  in¬ 
ferred,  that  ftones  and  other  earthy  fubftances 
were  convertible,  by  feveral  methods,  and 
particularly  by  different  degrees  of  heat,  from 
non-eleCtrics  to  eleCtrics.  But  finding,  after¬ 
wards,  that  it  was  the  opinion  of  fome  per- 
fons  (Mr.  Canton  was  the  perfon  chiefly  hint¬ 
ed  at)  that  this  change  did  not  immediately* 
but  only  confequentially  depend  on  heat,  by 
evaporating  the  moifture,  which  would  re¬ 
turn  again  when  the  fubftance  cooled;  he  ob« 
ferves,  in  a  paper  read  at  the  Royal  Society* 
December  the  17th,  1761,  that  the  tobacco- 
pipe  loft  its  electricity  before  it  was  cold,  and 
therefore  before  it  could  have  imbibed  moif¬ 
ture  fufticient  to  deftroy  its  electricity  ;  and 
befides,  that  the  fubftance  employed  in  the 
experiment  was  not  of  that  kind  of  bodies 
which  is  apt  fuddenly  to  draw  moifture  from 
the  air. 

To  account  for  Mr.  Delaval’s  experiments* 
Mr.  Canton  fuppofes,  in  a  paper  read  to  the 
Royal  Society,  February  4th,  1762,  that 
ftone,  tobacco-pipe,  wood,  &c.  will  condud 
when  cold  by  the  moifture  they  contain  in 
that  ftate  ;  that  when  their  moifture  is  evapo¬ 
rated  by  heat  they  become  non-conduCtors  ; 
and  that  when  they  are  made  very  hot,  the 
hot  air  at,  or  near  their  furfaces  will  conduCt, 
and  the  bodies  will  appear  to  be  conductors 
again,  Hot  air,  he  fays,  may  eafily  be  prov¬ 
ed  to  be  a  conductor  of  eleCtricity,  by  bring¬ 
ing  a  red  hot-iron  poker,  but  for  a  moment, 
within  three  or  four  inches  of  a  fmall  electri¬ 
fied 
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fied  body  ;  when  it  would  be  perceived,  that 
its  eleCtric  power  would  be  almoft,  if  not  in- 
tirely  deftroyed;  and  by  bringing  excited  am¬ 
ber  within  an  inch  of  the  flame  of  a  candle, 
when  it  would  lofe  its  electricity  before  it  had 
acquired  any  fenfible  degree  of  heat. 

To  confirm  this,  he  mentions  his  having 
obferved,  that  the  tourmalin,  Brafil  topaz, 
and  Brafil  emerald,  would  give  much  ftronger 
figns  of  eleCtricity  when  cooling,  after  they 
had  been  held  about  a  minute  within  two 
inches  of  an  almoft  furrounding  fire,  where 
the  air  is  a  conductor,  then  they  ever  will  af¬ 
ter  heating  them  in  boiling  water.  He  adds, 
that  if  both  Aides  of  thofe  ftones  be  equally 
heated,  in  a  lefs  degree  than  will  make  the 
furrounding  air  a  conductor,  the  eleCtricity  of 
each  fide,  whether  plus  or  minus ,  would  con¬ 
tinue  fo  all  the  time  the  ftone  was  both  heat¬ 
ing  and  cooling,  but  would  increafe  while  it 
was  heating,  and  decreafe  while  it  was  cool¬ 
ing  ;  whereas,  if  the  heat  was  fufficient  to 
make  the  furrounding  air  conduCt  the  eleCtric 
fluid  from  the  pofitive  fide  of  the  ftone  to  the 
negative  fide  of  it,  while  it  was  heating,  the 
eleCtricity  of  each  fide  would  increafe  while 
the  ftone  was  cooling,  and  be  contrary  to  what 
it  was  while  the  ftone  was  heating. 

As  to  the  tobacco-pipe,  Mr.  Canton  fays, 
that  it  not  only  attracts  the  moifture  of  the 
air,  but  abforbs  it.  Hence  a  tobacco-pipe, 
after  it  begins  to  cool,  will  become  a  conduc¬ 
tor  again  fooner  than  wood.  And  that  it  im¬ 
bibes  moifture  fafter  than  wood,  he  fays,  is 

evident. 
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evident,  becaufe  when  wetted,  it  will  not  con- 
tinne  wet  fo  long  as  vrood,  imbibing  the  moif« 
ture  prefently. 

That  tobacco  pipe  do£s  not  become  a 
conductor  by  a  particular  degree  of  heat* 
without  evaporating  its  moifture,  is  evident^ 
lie  lays,  from  the  following  experiments. 

If  three  or  four  inches  of  one  end  of  a  to¬ 
bacco-pipe,  of  more  than  a  foot  in  length,  be 
made  red  hot,  without  fenfibly  heating  the 
other  end,  this  pipe  will  prove  a  ready  con¬ 
ductor,  through  the  hot  air  furrounding  one 
part  of  it,  and  the  moifture  contained  in  the 
other;  although  feme  part  of  it  mu  ft  have  the 
degree  of  heat  of  a  non-conduCtor.  But  if 
the  whole  pipe  be  made  red  hot,  and  buffered 
to  cool  till  It  has  only  fuperftcial  moifture 
enough  to  make  it  a  good  conductor,  and  then 
three  or  four  inches  of  one  end  be  again  made 
hot,  it  will  become  a  non-conduCtor, 

If  a  nail  be  placed  at,  or  near  each  end  of 
a  longifh  fclid  piece  of  any  of  the  abforbent 
bodies  above-mentioned,  fo  as  the  poirit  of 
each  nail  may  be  about  half  the  thicknefs  of 
the  body  within  its  furface ;  this  body,  by 
heat,  may  be  made  a  non-conduCtor  exter? 
nally  or  iuperficially,  wrhile  it  remains  a  good 
conductor  internally.  For  the  eleCtric  fluid 
will  readily  pafs  from  one  nail  to  the  other, 
through  the  middle  of  the  body,  when  it  will 
not  pafs  on  its  furface,  and  even  when  the  in¬ 
ternal  parts  of  the  body  are  in  an  equal  de¬ 
gree  of  heat  with  the  external,  as  they  muft 
foon  be  after  it  begins  to  cool.  But  if  the 

fame 
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fame  body  be  expofed,  for  a  fhort  time,  to  a 
greater  degree  of  heat  than  before,  or  if  it  be 
kept  longer  in  the  fame  heat,  it  will  become 
a  non-condudtor  intirely 

Mr.  Delaval,  in  confirmation  of  parti¬ 
cular  bodies  requiring  particular  degrees  of 
heat  to  render  them  eledtric  or  non-eledtric, 
independent  of  moifture,  mentions  a  fub- 
ftance  which,  he  fays,  is  affedted  by  heat  in 
an  oppofite  manner  to  the  former  inftances  ; 
fmce  the  degrees  of  heat,  neceffary  to  render 
the  other  fu'bftances  eledtric,  makes  this  non- 
idedtric. 

The  fubftance  was  ifland  cryftal  (which  is 
well  known  for  its  lingular  property  of  a 
double  refradHon)  on  a  piece  of  which  he 
made  the  following  obfervations.  i.~ After 
this  piece  of  cryftal  had  been  rubbed,  when 
the  heat  of  the  air  was  moderate,  it  fhowed 
figns  of  eledtricity,  though  not  very  ftrong 
ones.  2.  If  the  heat  was  increafed,  fo  as  to 
be  a  little  greater  than  that  of  the  hand,  it  de- 
ftroyed  its  electric  power  intirely.  3.  By 
cooling  the  ftone  again,  the  eledtric  power 
was  reftored. 

HENimmerfed  this  piece  of  cryftal  into  a 
vefl'el  filled  with  quickfilver,  and  furrounded 
with  ice,  where  it  remained  near  two  hours, 
when  the  weather  was  very  cold ;  and  ob¬ 
served,  that,  upon  taking  it  out  with  a  pair 
of  tongs  (that  it  might  not  be  altered  by  the 

Phil.  Tranf.  VoL  lii,  pt .  ii.  p.  459. 
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heat  of  his  hands)  and  rubbing  it  again,  it 
was  more  ftrongly  eledric  then  he  had  at  any 
other  time  experienced ;  but  that,  on  placing 
it  a  few  minutes  upon  the  hearth,  at  fome 
diftance  from  the  fire,  its  eledric  property 
was  again  deftroyed,  for  that  rubbing  would 
not  oecafion  any  figns  of  it. 

Thus,  fays  he,  we  fee  two  different  kinds 
of  fixed  bodies,  the  one  of  which  acquires  an 
eledric  property  with  the  fame  heat  wTith 
which  another  lofes  it ;  while  a  third  fet  of 
fubftances,  as  glafs,  &c.  retain  their  elec¬ 
tricity  through  both  the  degrees  of  heat  necef- 
iary  to  the  other  two. 

Some  pieces  of  ifland  cryftal,  -which  he 
had  procured  from  different  places,  had  not 
the  property  of  lofing  their  eledricity  by  a 
moderate  heat.  He  had,  in  particular,  a 
piece  of  that  cryftal,  one  part  of  which,  when 
greatly  heated,  became  non-eledric,  while 
the  other  part,  with  the  fame  heat,  or  even 
with  a  much  greater  one,  remained  perfedly 
eledric. 

He  found  feveral  other  earthy  fub (lances, 
whofe  eledricity  was  deftroyed  by  different 
degrees  of  heat. 

From  \confidering  that  the  degree  of  heat, 
at  which  the  ifland  cryftal  firft  mentioned  was 
in  its  moft  perfed  eledric  fate,  was  lefs  than 
the  ufual  heat  of  the  air,  and  that  a  fmall  in- 
creafe  of  that  heat  rendered  it  non-eledric  ; 
he  did  not  think  it  improbable,  that  many 
fubftances,  which  are  not  known  to  be  elec¬ 
tric, 
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trie,  might  prove  fo,  if  expofed  to  a  greater 
degree  of  cold  then  they  have  been  hitherto 
examined  in 

To  thefe  obfervations  Mr.  Canton  replies, 
that  having  formerly  obferved  that  the  fric- 
tion  between  mercury  and  glafs  in  vacuo 
would  not  only  produce  the  light  of  elec¬ 
tricity,  as  in  the  luminous  barometer,  or 
within  an  evacuated  glafs  ball,  but  would 
alfo  ele&rify  the  glafs  on  the  outfide,  he  im- 
merged  a  piece  of  dry  glafs  in  a  bafon  of 
mercury ;  and  found,  that  by  taking  it  out, 
the  mercury  was  electrified  minus ,  and  the 
glafs  plus,  to  a  con fider able  degree.  He 
alfo  found,  that  amber,  fealing-wax,  and 
illand  cryftal,  when  taken  out  of  mercury, 
were  all  ele&rified  pofitively.  How  then, 
fays  he,  does  it  appear,  that  the  ele&ricity 
which  was  obferved  in  rubbing  the  laft  men¬ 
tioned  fubftance,  after  it  was  taken  out  of 
mercury  furrounded  by  ice,  was  owing  to 
cold,  and  not  to  the  fri&ion  between  it  and 
the  mercury  in  taking  it  out.  ifland  cryftal 
when  warm  is  a  non-condu£tor,  and  all  non- 
conductors  may  be  excited  with  proper 
rubbers  ~f\ 

Mk.  Bergman  of  Upfal,  in  a  letter  to  Mr* 
Wilfon,  read  at  the  Royal  Society,  April  the 
14th,  1761,  fays,  that  he  bad  tried  the  ex¬ 
periments  of  Mr.  Delaval  with  ifland  cryftal, 
but  that  the  event  had  always  been  contrary  to 

4k 
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what  Mr.  Delaval  had  reported.  Trying 
different  pieces  of  cryftal,  he  found  one  which 
inftead  of  having  its  virtue  increafed  by  cool- 
ing,  was  fenfibly  increafed  by  heating.  AT 
terwards  trying  all  the  reft  which  he  had  by 
him,  whether  Swedifh  eryftal,  or  ifland,  he 
found  the  effect  to  be  the  fame*  From  this 
he  inferred,  that  the  cryftals  which  he.  had 
were  of  a  quite  different  kind  from  that  of 
Mr.  Delaval 


SECTION  V. 

Mr.  CANTON’s  experiments  and  dis¬ 
coveries  RELATING  TO  BODIES  IMMERG- 
ED  IN  ELECTRIC  ATMOSPHERES,  WITH 
THE  DISCOVERIES  OF  OTHERS,  MADE  BY 
PURSUING  THEM. 

IN  this  fedtion  I  fhall  prefent  my  reader 
with  the  fineft  feries  of  experiments  that 
the  whole  hiftory  of  eledricity  can  exhibit, 
and  in  which  we  {hall  fee  difplayed  the  geni¬ 
us  and  addrefs  of  four  of  the  moft  eminent 
electricians  in  this  whole  period ;  viz.  Mr, 
Canton  and  Dr.  Franklin,  Englifhmen;  and 
Meffrs.  Wilcke  and  fEpinus,  foreigners.  Ml 
Canton  had  the  honour  to  take  the  lead,  and  he 
made  all  the  effential  experiments.  Dodtor 
Franklin  profeffedly  purfued  them  ;  and 
though  all  his  Jlrength  he  put  not  forth  on 

*  Phil.  Tranf.  Vol,  liii.  pt.  i.  p.  98. 
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this  occaiion,  he  diverfified  the  experiments* 
and  made  fome  improvement  in  the  method 
of  accounting  for  them.  But  Meffrs.  Wilcke 
and  fEpinus  in  conjunction  carried  the  expe- 
riments  vaftly  farther,  and  completed  the 
difcovery;  which  is,  certainly,  one  of  the 
greateft  that  has  been  made  fi-nce  the  time  of 
Dr.  Franklin.  I  fay  the  time  of  Dr.  Frank¬ 
lin,  though  he  himfelf  be  one  of  the  perfons 
concerned ;  for  by  the  time  of  Dr.  Franklin  will 
always  be  underftood  the  time  in  which  he 
made  his  capital  difcoveries  in  America.  This 
will  always  be  a  diftinguifhed  epocha  in  the 
hiftory  of  electricity,  from  which  all  his  own. 
future  difcoveries  will  be  dated. 

The  original  experiments  in  this  feCtion, 
when  Mr.  Canton  firft  publifhed  them,  in 
his  ufual  concife,  though  perfpicuous  man¬ 
ner,  without  any  preamble,  to  inform  us  how 
he  was  led  to  them,  exhibit  fuch  a  variety  of 
attractions  and  repulfions  of  electrified  bo¬ 
dies  in  different  circumftances,  as  looked  like 
the  power  of  magic  ;  and  were  they  conduct¬ 
ed  with  a  little  art,  I  do  not  know  any  elec¬ 
trical  experiments  (made  without  light,  or 
noife)  more  proper  for  a  deception  of  this 
kind.  But  when  they  are  attentively  conji- 
dered,  they  demonftrate  a  remarkable  pro¬ 
perty  of  all  electrified  bodies,  which  has  of¬ 
ten  been  referred  to  in  the  courfe  of  this  hif¬ 
tory,  but  which  had  not  been  attended  to  be-> 
fore;  nor  indeed  do  1  apprehend  that  it  was 
fully  underftood,  till  it  was  explained  in  all 
its  extent  by  Mr.  Wilcke  and  iEpinus.  It  is, 

7  that 
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that  the  eledric  fluid,  when  there  is  a  redun-* 
dancy  of  it  in  any  body,  repels  the  eledric 
fluid,  in  any  other  body,  when  they  are 
brought  within  the  fphere  of  each  other’s  in¬ 
fluence,  and  drives  it  into  the  remote  parts  of 
the  body ;  or  quite  out  of  it,  if  there  be  any 
outlet  for  that  purpofe.  ,  in  other  words, 
bodies  immerged  in  eledric  atmofpheres  al¬ 
ways  become  poflefled  of  the  eledricjty,  con¬ 
trary  to  that  of  the  body,  in  whole  atmofphere 
they  are  immerged.  This  principle  purfued 
led  them  to  the  method  of  charging  a  plate  of 
air,  like  a  plate  of  glafs,  and  to  make  the 
molt  perfed  imitation  of  the  phenomena  of 
thunder  and  lightning. 

,  The  paper,  containing  an  account  of  Mr, 
Canton’s  experiments,  was  read  at  the  Royal 
Society,  December  the  6th,  1753. 

Mr.  Canton  fufpended  cork  balls,  one 
pair  by  linen  threads,  and  another  pair  by 
iilk;  then  holding  the  excited  tube  at  a  con- 
iiderable  diftance  from  the  balls  with  the  linen 
thread,  they  feparated  ;  and,  upon  drawing 
it  away,  they  immediately  came  together : 
but  he  was  obliged  to  bring  the  excited  tube 
much  nearer  to  the  balls  hanging  by  filk 
threads,  before  they  would  feparate ;  though 
when  the  tube  was  withdrawn,  they  continu¬ 
ed  feparate  for  fome  time. 

As  the  balls  in  the  former  of  thefe  experi¬ 
ments  were  not  infulated,  Mr.  Canton  ob- 
ferves,  that  they  could  not  properly  be  laid  to 
be  eledrified ;  but  that  when  they  hung  with¬ 
in  the  atmofphere  of  the  excited  tube,  they 

might 
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might  attrad  and  condenfe  the  eledric  fluid 
round  about  them,  and  be  feparated  by  the 
repulfion  of  its  particles.  Fie  conjectures  al- 
fo,  that  the  balls,  at  this  time,  contain  lefs 
than  their  common  fhare  of  the  eledric  fluid, 
on  account  of  the  repelling  power  of  that 
which  furrounds  them,  though  fome  may  be 
continually  entering  and  palling  through  the 
threads.  And  if  that  be  the  cafe,  he  fays, 
the  reafon  is  plain  why  the  balls  hung  by 
filk  in  the  fecond  experiment  mutt  be  in  a 
much  more  denfe  part  of  the  atmofphere  of 
the  tube  before  they  will  repel  each  other.  He 
adds,  that  at  the  approach  of  an  excited  flick 
of  wax  to  the  balls,  in  the  firft  experiment, 
the  eledric  fire  is  fuppofed  to  come  through 
the  threads  into'  the  balls,  and  to  be  condenfed 
there,  in  its  paflage  towards  the  wax ;  fmce, 
according  to  Dr.  Franklin*  excited  glafs 
emits  the  eledric  fluid,  and  excited  wax  re¬ 
ceives  it. 

When  two  balls,  fufpended  by  linen 
threads  upon  an  infulated  tin  tube,  were  elec¬ 
trified  poiitively,  and  had  feparated ;  he  ob- 
I  ferved,  that  the  approach  of  the  excited  tube 
1  would  make  them  come  nearer  together  ;  if 
I  brought  to  a  certain  diftance,  they  would 
;  touch ;  and  if  brought  nearer,  they  would  fe- 
parate  again. 

In  the  return  of  the  tube,  they  would  ap¬ 
proach  each  other,  till  they  touched,  and  then 
>i  repel  as  at  firft.  If  the  tin  tube  was  eledrifi- 
ed  by  wax,  or  the  wire  of  a  charged  phial  ; 
I  the  balls  would  be  aifeded  in  the  fame  man- 
j  U  ner 
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ner  at  the  approach  of  excited  wax,  or  the 
wire  of  the  phial.  If  the  cork  balls  were  elec¬ 
trified  by  glafs,  their  replufion  would  be  in- 
creafed  at  the  approach  of  an  excited  flick  of 
wax.  And  the  effeCt  would  be  the  fame,  if 
the  excited  glafs  was  brought  towards  them, 
when  they  had  been  electrified  by  wax. 

The  bringing  the  excited  glafs  to  the  end, 
or  edge  of  the  tin  tube,  in  the  former  of  thefe 
experiments,  is  by  Mr.  Canton  fuppofed  to 
eledtrify  it  pofitively,  or  to  add  to  the  eleCtric 
fire  it  before  contained ;  and  therefore  fome 
will  be  running  off  through  the  balls,  and 
they  will  repel  each  other.  But  at  the  ap¬ 
proach  of  excited  glafs,  which  likewife  emits 
the  eleCtric  fluid,  the  difcharge  of  it  from  the 
balls  will  be  diminifhed,  or  part  will  be  driven 
back,  by  a  force  adting  in  a  contrary  direc¬ 
tion,  and  they  will  come  nearer  together.  If 
the  tube  be  held  at  fuch  a  diftance  from  the 
balls,  that  the  excefs  of  the  deniity  of  the 
fluid  round  about  them  above  the  common 
quantity  in  air,  be  equal  to  the  excefs  of  the 
denfity  of  that  within  them  above  the  com¬ 
mon  quantity  contained  in  cork,  their  repul- 
fion  will  be  quite  deftroyed.  But  if  the  tube 
be  brought  nearer,  the  fluid  without  being 
more  denfe  than  that  within  the  balls,  it  will 
be  attracted  by  them,  and  they  will  recede 
from  each  other  again. 

Mr.  Can  tom  farther  obferves,  that  when 
the  apparatus  has  loft  part  of  its  natural 
ftore  of  this  fluid,  by  the  approach  of  excited 
wax  to  one  end  of  it,  or  is  electrified  negative- 
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jy,  the  electric  fire  is  attracted  and  imbibed 
by  the  balls*  to  fupply  the  deficiency  ;  and 
that  more  plentifully  at  the  approach  of  ex¬ 
cited  glafs,  or  a  body  pofitively  eledrified3 
than  before ;  whence  the  diftance  between  the 
balls  will  be  increafed,  as  the  fluid  furround¬ 
ing  them  is  augmented.  And,  in  general* 
whether  by  the  approach  or  recefs  of  any 
body,  if  the  difference  between  the  denfity  of 
the  internal  and  external  fluid  be  increafed, 
or  diminifhed  ;  the  repulfion  of  the  balls  will 
be  increafed,  or  diminifhed  accordingly. 

He  obferved,  that  when  the  infulated  tin 

t 

tube  was  not  ele&rified,  if  the  excited  glafs 
was  brought  towards  the  middle  of  it,  the 
balls  hanging  at  the  end  would  repel  each 
other,  and  the  more  fo  as  the  excited  tube 
was  brought  nearer.  When  it  had  been  held 
a  few  feconds,  at  the  diftance  of  about  fix 
inches,  and  withdrawn,  the  balls  would  ap¬ 
proach  each  other  till  they  touched;  and,  fe- 
parating  again,  as  the  tube  was  removed  far* 
ther,  would  continue  to  repel  when  the  tube 
was  taken  quite  away.  This  laid  repulfion 
would  be  increafed  by  the  approach  of  excit- 
'  ed  glafs,  and  diminifhed  by  that  of  excited 
wax ;  juft  as  if  the  apparatus  had  been  elec¬ 
trified  by  wax,  after  the  manner  defcribed  in 
the  laft  experiment. 

He  infulated  two  tin  tubes,  which  may  bq 
diftinguifhed  by  calling  them  A  and  B,  fo  as 
to  be  in  a  line  with  each  other,  and  half  an 
inch  afunder,  and  at  the  remote  end  of  each 
fufpended  a  pair  of  cork  balls.  Then,  upon 

U  2  bring-? 
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bringing  the  excited  glafs  tube  towards  the 
middle  of  A,  and  holding  it  a  fhort  time  at 
the  diftance  of  a  few  inches,  he  obferved  each 
pair  of  balls  to  feparate.  Upon  withdrawing 
the  tube,  the  balls  of  A  would  come  together, 
and  then  repel  each  other  again,  but  thofe  of 
B  would  hardly  be  affedtecL  By  the  ap¬ 
proach  of  excited  glafs  the  repulfion  of  the 
bails  of  A  would  be  increafed,  and  thofe  of 
B  diminifhed  A 

In  the  former  of  thefe  experiments,  Mr. 
Canton  fuppofes  the  common  flock  of  eledtric 
matter  in  the  tin  tube  to  be  attenuated  about 
the  middle,  and  to  be  condenfed  at  the  ends, 
by  the  repelling  power  of  the  atmofphere  of 
the  excited  glafs  tube,  when  held  near  it.  And 
perhaps,  he  fays,  the  tin  tube  may  lofe  fome 
of  its  natural  quantity  of  the  eledfric  fluid  be¬ 
fore  it  receives  any  from  the  glafs,  as  that 
fluid  will  more  readily  run  off  from  the  ends 
or  edges  of  it  than  enter  at  the  middle and 
accordingly,  when  the  glafs  tube  is  with¬ 
drawn,  and  the  fluid  is  again  equally  diffufed 
through  the  apparatus,  it  is  found  to  be  elec¬ 
trified  negatively;  fince  excited  glafs  brought 
under  the  balls  will  increafe  their  repulfion. 

In  the  latter  of  the  experiments,  Mr.  Can¬ 
ton  fuppofes  that  part  of  the  fluid  driven  out 
of  one  tin  tube  enters  the  other,  which  is 
found  to  be  eledhified  pofitively,  by  the  de- 
creafmg  of  the  repulfion  of  its  balls  at  the  ap¬ 
proach  of  excited  glafs. 

9  Phil.  Tranf.  Vol.  xlviih  pt.  i.  p.  350. 
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It  will  readily  be  feen  that,  at  the  time 
thefe  experiments  were  made,  Mr.  Canton  re- 
tained  the  common  idea  of  eledric  atmof¬ 
pheres  ;  whereas  It  will  appear  by  the  experi¬ 
ments  of  Meffrs.  Wilcke  and  fEpinus  (which 
in  fad;  contain  nothing  more  than  thofe  of. 
Mr.  Canton)  that  they  tend  to  refute  the  com¬ 
mon  opinion,  and  are  much  eafier  explained 
upon  the  fuppofition,  that  the  portion  of  fluid 
belonging  to  any  eledrified  body  is  conftant- 
ly  held  in  contad,  or  very  nearly  in  contad, 
with  the  body;  but  ads  upon  the  eledricity 
of  other  bodies  at  a  certain  diftance. 

Dr.  Franklin  purfued,  or  rather  diverfi- 
fied  the  experiments  of  Mr.  Canton,  but  re¬ 
taining,  likewife,  the  common  opinion  of 
eledric  atmofpheres,  he  thought  that  the  phe¬ 
nomena  were  more  eafily  explained  upon  the 
fuppofition,  that  thefe  atmofpheres,  being 
brought  near  each  other,  did  not  eafily  mix, 
and  unite  into  one  atmofphere,  but  remained 
feparate,  and  repelled  each  other  ;  and  more¬ 
over,  that  an  eledric  atmofphere,  would  not 
only  repel  another  eledric  atmofphere,  but 
alfo  the  eledric  fluid  contained  in  the  fub- 
ftance  of  a  body  approaching  it,  and,  without 
joining  or  mixing  with  it,  force  it  into  the 
other  parts  of  the  body  that  contained  it. 

Though  it  muft  be  difficult  to  affign  a  rea- 
fon  why  the  particles  of  one  atmofphere 
fhould  repel  the  particles  of  another  atmo¬ 
fphere,  or  of  the  fluid  contained  in  another 
body  with  more  force  than  they  repel  one  a  ri¬ 
ot  her,  or  the  particles  of  the  fluid  contained 
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in  the  body  to  which  they  belong,  fince  the 
matter  is  the  fame  in  both;  yet  this  idea  of 
the  mutual  repulfion  of  eledric  atmofpheres, 
could  it  once  be  fuppofed,  will  certainly  and 
clearly  account  for  all  the  fads ;  and  the 
theory  pleafes  on  account  of  its  fimplicity, 
Rut  the  fame  appearances  will  be  accounted 
for,  in  a  manner  as  fimple  and  intelligible, 
upon  the  fuppofition,  that  the  portion  of 
eledric  fluid  belonging  to  each  body,  being 
ftrongly  attraded  by  the  body,  is  held  in  clofe 
contad  with  it ;  but  that  it  ads  by  repulfion 
upon  the  eledric  fluid  belonging  to  other 
bodies,  at  a  diftance  from  them  ;  and  that  the 
eledric  fluid  doth  not  adually  pafs  out  of  one 
body  into  another,  till  it  have  firft  repelled 
the  fluid  out  of  the  other  body,  and  then  be 
more  ftrongly  attraded  by  the  other  body,  than 
by  its  own ;  which  has  already  got  more  than 
its  natural  {hare. 

The  paper  containing  an  account  of  thefe 
experiments  of  Dr.  Franklin  was  read  at  the 
Royal  Society,  December  the  1 8th,  1755, 
His  apparatus  was  different  from  that  of  Mr. 
Canton,  but  ftill  he  exhibited  the  fame  effeds 
proceeding  from  the  fame  caufe.  He  fixed  a 
taflel  of  fifteen  or  twenty  threads,  each  three 
inches  long,  at  one  end  of  his  prime  conduc¬ 
tor,  which  was  five  feet  long  and  four  inches 
'in  diameter,  fupporte.d  by  filk  lines.  The 
threads  were  a  little  damp,  but  not  wet. 

In  thefe  circumftances,  an  excited  tube 
brought  near  the  end  of  the  prime  conduc¬ 
tor,  oppofite  to  the  threads,  fo  as  to  give  it 
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feme  fparks,  made  the  threads  diverge,  each 
thread  having  thereby  acquired  its  fepar&te 
electric  atmofphere. 

In  this  hate,  the  approach  of  the  excited 
tube,  without  giving  any  fparks,  made  the 
threads  diverge  more ;  but,  being  withdrawn, 
they  clofed  as  much ;  the  atmofphere  of  the 
conductor  being  driven  by  that  of  the  tube  in¬ 
to  the  threads,  and  returning  again  upon  with- 
drawing  the  tube,  which  had  then  left  no  part 
of  its  atmofphere  behind  it. 

The  excited  tube  brought  under  the  diverg¬ 
ing  threads  made  them  clofe  a  little,  having 
driven  part  of  their  atmofpheres  into  the  con¬ 
ductor.  Upon  being  withdrawn,  they  di¬ 
verged  as  much ;  that  portion  of  their  atmo¬ 
fpheres  which  they  had  loft  returning  again 
from  the  conductor,  and  the  tube  having  left 
no  part  of  its  own. 

The  excited  tube,  held  at  the  diftance  of 
five  or  fix  inches  from  the  end  of  the  conduc¬ 
tor  oppofite  to  the  threads,  made  them  fepa- 
rate,  and,  upon  being  withdrawn,  they  came 
together  again  :  but  if,  in  their  ftate  of  fepa- 
ration,  a  fpark  was  taken  from  the  conductor 
near  them,  they  would  clofe ;  and,  upon  re¬ 
moving  the  tube,  would  feparate.  The  tube, 
in  both  cafes,  left  no  part  of  its  atmofphere 
behind  it.  It  only  drove  the  natural  quanti¬ 
ty  of  eledrieity*  contained  in  the  condudor 
towards  the  threads ;  and  part  of  that  being 
taken  away  by  the  fpark,  the  tube  would 
leave  the  condudor  and  threads  negative,  in 
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which  cafe,  they  would  repel  one  another,  as 
if  they  had  been  electrified  pofitively. 

In  this  fituation,  if  the  excited  tube  was 
brought  near  the  conductor,  they  would  clofe 
again  ;  the  atmofphere  of  the  tube  forcing 
that  of  the  conductor  into  the  threads,  to  flip- 
ply  the  place  of  what  they  had  loft :  but,  up¬ 
on  withdrawing  the  tube,  they  would  open 
.again ;  the  tube,  as  before,  taking  its  whole 
atmofphere  away  with  it.  When  the  excited 
tube  was  brought  under  the  threads,  diverg¬ 
ing  with  negative  electricity,  they  diverged 
more;  the  atmofphere  of  the  tube  driving 
away  more  of  the  atmofphere s  cf  the  threads, 
and  giving  them  none  in  its  place. 

Lastly  the  'DoCtor  brought  the  excited 
tube  near  the  prime  conductor,  when  it  was 
not  electrified;  and  when  the  threads  were, 
thereby,  made  to  diverge,  he  brought  his 
finger  near  them,  and  obferved,  that  they  re¬ 
ceded  from  it.  This  appearance  bad  been 
taken  notice  of  by  Mr.  Haukfbee,  and  others.. 
Dr.  Franklin  accounts  for  it  by  fuppofing, 
that  when  his  finger  was  plunged  into  the  at¬ 
mofphere  of  the  glafs  tube,  part  of  its  natural 
electricity  was  driven  back,  through  his  hand 
and  body,  fo  as  to  leave  the  finger  negatively 
electrified,  as  wrell  as  the  threads ;  in  which 
cafe  they  mu  ft  neceffarily  repel  one  another. 
To  confirm  this  fiypothefis,  he  held  a  {lender 
lock  of  cotton,  two  or  three  inches  long,  near 
the  prime  conductor,  electrified  by  excited 
glafs,  which  made  the  cotton  fetch  itfelf  to¬ 
wards 
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.wards  the  conductor;  and  obferved,  that,  in 
this  ftate,  it  would  recede  from  the  finger  of 
his  other  hand,  at  the  fame  time  that  it  was 
attra£ted  by  a  wire  of  a  bottle  charged  po~ 
fitively  A 

These  experiments  of  Dr.  Franklin,  made 
in  purfuance  of  thofe  of  Mr.  Canton,  were 
confirmed,  as  I  obferved  before,  and  carried 
much  farther  by  MeffrSo  Wilcke  and  iEpinus. 

Mr.  Wilcke  dbferves,  that  a  fmall  body 
immerged  in  any  eleCtric  atmofphere,  if  it  be 
touched  by  no  other  body,  and  be  withdrawn 
before  it  be  repelled,  fcarce  ever  fliows  any 
fign  of  electricity ;  if  any,  it  is  of  the  fame 
kind  with  that  of  the  body  into  whofe  atmo¬ 
fphere  it  was  plunged  •fe  If  any  body,  com¬ 
municating  with  the  ground,  he  brought  to 
this  light  body,  while  it  remains  immerged 
in  the  atmofphere  of  the  elefitrified  body,  it  is 
firft  attracted,  and  then  repelled  by  it.  If  a 
point  be  prefented  to  this  light  body,  and  af¬ 
terwards  withdrawn,  it  will  be  found  to  have 
acquired  an  eleCtricity  oppofite  to  that  of  the 
electrified  body.  From  this  he  concludes,  that 
parts  of  non-eleCtric  bodies,  plunged  in  elec¬ 
tric  atmofpheres,  acquire  an  eleCtricity  oppo¬ 
fite  to  that  of  the  atmofphere  in  which  they 
are  plunged  J. 

He  placed  two  large  infulated  conductors 
with  their  ends  oppofite  to  one  another,  and 
a  cork  ball  fufpended  oh  filk  between  them ; 
and  obferved,  that,  upon  the  application  of 
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the  excited  glafs  tube  to  one  end  of  either 
of  them,  the  cork  ball  would  play  between 
them  very  fall ;  and  if  the  tube  were  held 
a  while  at  the  lame  diftance,  would  be  at 
reft.  Upon  withdrawing  the  tube,  the  mo¬ 
tion  of  the  cork  ball  began  again,  and,  at 
length,  ceafed  gradually  as  before.  If  the 
condudors  were  removed  from  one  another, 
while  they  were  within  the  atmofphere  of  the 
tube,  they  would,  upon  being  brought  to¬ 
gether  again,  give  a  fpark.  This  experiment 
confirmed  the  demonftration,  that  the  part  of 
a  body  which  is  immerged  in  the  atmofphere 
of  an  eledrified  body  acquires  the  contrary 
eledricity  *. 

But  the  moft  complete  demonftration  of 
this  general  maxim  is  an  experiment  of  Mr. 
jEpinus.  He  placed  a  fmall  weight  upon  one 
end  of  a  large  metallic  condudor,  and,  by 
means  of  a  filk  firing,  removed  it  from  the 
condudor,  while  the  end  on  which  it  refted 
was  immerged  in  the  atmofphere  of  an  elec¬ 
trified  body;  and  found  that  it  had  adually 
acquired  a  different  eledricity  from  that  of  the 
atmofphere.  If  the  end  of  the  condudor, 
oppofite  to  that  on  which  the  moveable  weight 
was  placed,  was  made  to  communicate  with 
the  earth,  ftill  that  part  of  it  which  was  near 
the  excited  eledric  was  affeded  with  the  op¬ 
pofite  eledricity.  Placing  the  moveable  weight 
on  the  oppofite  end  of  the  conductor,  when  it 
was  infulated,  he  found  that  it  had  fometimes 
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acquired  an  electricity  contrary  to  that  of  the 
excited  eledric,  fometimes  the  lame  elec¬ 
tricity,  though  weak,  and  fometimes  no  elec¬ 
tricity  at  all 

The  fame  ingenious  philofopher  confider- 
ed  that  the  fame  principle  muft  extend  to 
glafs,  and  all  other  eledrics;  fijice  they,  as 
well  as  conductors,  contain  a  certain  quantity 
of  the  eledric  fluid,  in  their  natural  ftate. 
To  verify  this,  he  took  a  glafs  tube,  and  elec¬ 
trified  one  end  of  it  pofitively.  The  confe- 
quence  was,  that  four  or  five  inches  of  that 
end  were  pofitive  ;  but  beyond  that  there 
were  two  inches  negative  ;  and  beyond  that 
the  tube  was  again  pofitive,  though  weakly 
fo.  This  experiment  he  repeated  very  often 
with  the  fame  fuccefs ;  as  alfo  when,  inftead 
of  glafs,  he  ufed  a  folid  flick  of  fulphur.  To 
account  for  this  fad,  he  fuppofed,  that  the 
eledricity  communicated  to  the  end  of  the 
tube  repelled  the  natural  quantity  of  the  fluid 
in  the  glafs  to  fome  diftance.  This  natural 
quantity  retiring  from  its  former  fituation,  he 
fuppofes  to  become  condenfed,  and  confe- 
quently  to  repel  another  quantity  of  the  fluid 
natural  to  the  glafs  from  its  place;  and  that 
thus  the  whole  rod  would  be  alternately  pofi¬ 
tive  and  negative.  The  author  afierts,  that  it 
was  from  theory  only  that  he  was  led  to  this 
curious  experiment,  the  fad  exadly  corre- 
fponding  to  what  he  had  before  deduced,  as 
the  neceflary  confequence  of  Dr.  Franklin’s 
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principles  of  negative  and  pofitive  elec¬ 
tricity  *. 

The  hint  of  thefe  experiments  Mr.fEpinus 
received  from  thofe  above  mentioned  of  Mr. 
Wilcke ;  and  thefe  gentlemen,  refiding  at  the 
fame  time  at  Berlin,  purfued  thefe  curious 
experiments  jointly,  till  they  were  led  by 
them  to  difcover  a  method  of  charging  a  plate 
of  air  in  the  fame  manner  as  plates  of  glafs 
had  ufually  been  charged,  and  to  throw  ftill 
more  light  upon  the  theory  of  the  famous  Ley^- 
den  experiment. 

In  the  above  mentioned  experiments,  thefe 
gentlemen  oblerved,  that  the  negative  ftate 
of  one  of  the  bodies  depended  on  the  oppo- 
fite  ftate  of  the  other,  which  was  known  to 
be  exactly  the  cafe  of  the  two  fides  of  a  charg¬ 
ed  pane  of  glafs  ;  and  the  reafon  of  the  non¬ 
communication  of  the  fame  eledlricity  was 
evidently  the  impermeability  of  the  glafs  to 
the  eledtric  fluid  in  the  one  cafe,  and  the  im¬ 
permeability  of  the  air  in  the  other.  Upon 
this  hint  they  made  feveral  attempts  to  give 
the  electric  fhock  by  means  of  air ;  and  at 
length  fucceeded,  by  fufpending  large  boards 
of  wood  covered  with  tin,  with  the  fiat  fides 
parallel  to  one  another,  and  at  fome  inches 
afunder.  For  they  found,  that  upon  eledfrify- 
jng  one  of  the  boards  pofitively,  the  other 
was  always  negative,  agreeable  to  the  former 
/experiment  :  but  the  difcovery  was  made 
/complete  and  indifputable  by  a  perfon’s  touch - 
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ing  one  of  the  plates  with  one  hand,  and 
bringing  his  other  hand  to  the  other  plate ; 
for  he  then  received  a  fhock  through  his 
body,  exactly  like  that  of  the  Leyden  expe¬ 
riment  *. 

With  this  plate  of  air,  as  we  may  call  it, 
they  made  a  variety  of  curious  experiments. 
The  two  metal  plates,  being  in  oppofite  ftates, 
ftrongly  attra&ed  one  another,  and  would 
have  rufhed  together,  if  they  had  not  been 
kept  'afunder  by  firings.  Sometimes  the  elec¬ 
tricity  of  both  would  be  difcharged  by  a 
ftrong  fpark  between  them,  as  when  a  pane 
of  glafs  burfts  with  too  great  a  charge.  A 
finger  put  between  them  promoted  the  dif- 
charge,  and  felt  the  fhock.  If  an  eminence 
was  made  on  either  of  the  plates,  the  £elf— dis¬ 
charge  would  always  be  made  through  it,  and 
a  pointed  body  fixed  upon  either  of  them  pre¬ 
vented  their  being  charged  at  all. 

The  ftate  of  thefe  two  plates,  they  ex¬ 
cellently  obferve,  juftly  reprefents  the  ftate  of 
the  clouds  and  the  earth  during  a  thunder 
ftorm  ;  the  clouds  being  always  in  one  ftate, 
and  the  earth  in  the  oppofite  ;  while  the  body 
of  air  between  them  anfwers  the  fame  pur- 
pofe  as  the  fmall  plate  of  air  between  the 
boards,  or  the  plate  of  glafs  between  the  two 
metallic  coatings  in  the  Leyden  experiment. 
The  phenomenon  of  lightning  is  the  bu ril¬ 
ing  of  the  plate  of  air  by  a  fpontaneous  dis¬ 
charge,  which  is  always  made  through  emi- 
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nences,  and  the  bodies  through  which  the 
difcharge  is  made  are  violently  fhocked 

This  principle,  they  likewife  thought, 
would  explain  an  obfervation  of  the  Abbe 
Nollet,  that  electricity  was  often  obferved  to 
be  peculiarly  firong,  when  the  room  was  full 
of  company,  and  more  particularly,  when 
numbers  of  them  drew  near  together,  to  fee 
the  experiments.  The  conductor  was  then  in 
one  ftate,  and  the  company  in  another;  fo 
that,  conftituting  a  large  furface,  when  any 
of  them  took  a  fpark,  as  he  thereby  difcharg- 
ed  the  electricity  of  all  the  company,  he 
would  feel  it  more  fenfibly  than  if  he  had 
flood  fingle  f. 

This  difcovery,  of  the  method  of  giving 
the  electric  fhock  by  means  of  a  plate  of  air, 
may  be  reckoned  one  of  the  greateft  difco- 
veries  in  the  fcience  of  electricity  fince  thofe 
of  Dr.  Franklin.  It  is  beautiful  to  obferve 
how  this  fine  difcovery  took  its  rife  from  the 
experiments  of  Mr-  Canton.  Mr.  Canton’s 
experiments  were  purfued  by  Dr.  Franklin, 
and  thofe  of  Dr.  Franklin,  purfued  by  thefe 
gentlemen,  produced  the  difcovery.  It  is  one 
and  the  fame  principle  that,  in  different  cir- 
cumftances,  accounts  for  this  beautiful  feries  of 
experiments. 

This  experiment  of  charging  a  plate  of 
air  is  likewife  related  by  Mr.  iEpinuS,  who 
fays  that  he  was  led  to  the  difcovery,  by  rea-* 
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foiling  from  the  confequences  of  Dr.  Frank¬ 
lin’s  theory.  ' 

From  thefe  experiments  he  was  alfo  led  to 
form  a  more  diftind  idea  of  the  impermeabi¬ 
lity  of  glafs  to  the  eledric  fluid.  For  fince  a 
plate  of  air  might  be  charged  as  well  as  a 
plate  of  glafs,  that  property,  whatever  it  be, 
muft  be  common  to  them  both ;  and  could 
not,  as  Dr.  Franklin  once  fuppofed,  be  any 
thing  peculiar  to  the  internal  ftrudure  of  glafs* 
Impermeability,  he,  therefore,  infers,  muft  be 
common  to  all  eledrics ;  and  fince  they  can 
all  receive  eledricity  by  communication  to  ,  a 
certain  degree,  it  muft  confift  in  the  difficulty 
and  flownefs  with  which  the  eledric  fluid 
moves  in  their  pores ;  whereas,  in  perfed  con- 
dudors,  it  meets  with  no  obftrudion  at  all 

It  was  chiefly  this  courfe  of  experiments, 
alfo,  that  led  Mr.  iEpinus  to  deny  the  exis¬ 
tence  of  eledric  atmofpheres,  con  filling  of 
effluvia  from  eledrified  bodies. 

He  feems,  however,  to  confider  this  as  a 
bold  opinion ;  fince  he  herein  differs,  as  he 
fays,  from  all  the  eledricians  who  had  written 
before  him,  and  even  from  Dr.  Franklin  him- 
felf.  Though  the  common  ppinion,  he  fays, 
is  by  no  means  countenanced  by  the  general 
principles  of  this  theory,  which  fuppofe  the 
eledric  fluid  to  move  with  difficulty  through 
every  eledric  fubftance  like  the  air. 

To  thofe  who  might  fay,  that  an  eledric 
atmofphere  is  a  thing  obvious  to  the  fenfes. 
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and  no  matter  of  theory ;  fmce  it  may  be  felt 
like  a  fpider’s  web  upon  the  hands  or  face;  he 
replies,  that  this  feeling,  together  with  the 
fulphureous  fmell  of  electrified  bodies,  are  on¬ 
ly  fenfations  excited  by  the  aCtion  of  the  fluid 
in  the  electrified  bodies  upon  the  eleCtric  fluid 
in  the  noftrils,  or  the  hand ;  or  upon  thofe 
parts  of  the  body  themfelves  in  an  unelec- 
trifled  ftate;  and  that  they  are  not  felt  by  a 
perfon  who  is  not  poflefled  of  the  fame  kind 
and  degree  of  ele&ridty. 

He,  therefore,  thinks  there  never  was  any 
fufficient  reafon  to  admit  thofe  atmofpheres ; 
and  declares,  that  whenever  he  ufes  the  word, 
be  means  no  more  by  it  than  the  Jphere  of 
adion  of  the  electricity  belonging  to  any  body. 
Or,  he  fays,  the  neighbouring  air,  which  is 
electrified  by  it,  may  be  fo  called. 

But  that  thefe  atmofpheres  have  little 
eifeCt  in  eleCfrical  experiments,  he  fays,  is 
evident  from  this  circuinftance ;  that  if  it  be 
blown  upon  with  a  pair  of  bellows,  the  elec¬ 
tricity  of  the  body  which  it  furrounds  is  not 
fenfibly  diminished.  The  eleCtric  fluid,  he 
fuppofes,  to  refide  wholly  in  the  electrified 
body,  and  from  thence  to  exert  its  attraction  or 
repulfion  to  a  certain  diftance  *. 

Th  e  fubjeCt  of  eleCtric  atmofpheres  had  not 
efcaped  the  attention  of  the  accurate  Sighior 
Beccaria,  who  was  probably  prior  to  Mr.  iEpinus 
in  fuppofing,  that  electrified  bodies  have  no 
other  atmofphere  than  the  eleCtricity  commu- 

*  ^Epini  Tentamen,  p.  257, 
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nicated  to  the  neighbouring  air,  and  which 
goes  with  the  air,  and  not  with  the  electrified 
bodies,  agreeable  to  that  curious  difcovery  of 
his  mentioned  above. 

He  alfo  mentions  an  experiihent,  which, 
he  thinks,  direCtly  proves,  that  all  the  elec¬ 
tricity  communicated  to  any  body  adheres  to 
its  iurface,  and  does  not  fpread  into  the  air. 
He  electrified  a  large  conductor  of  gilt 
paper,  in  which  the  gilding  was,  in  feveral 
places,  taken  off  quite  round  5  and  obferved 
that  whenever  he  difcharged  it,  by  taking  a 
fpark  at  the  end,  other  fparks  were  vifible  at 
all  the  interruptions  ;  the  charge  of  the  more 
remote  parts  having  come  off  through  the 
fubftance  of  the  metal,  and  not  along  the  air  ; 
as  the  greateft  part  of  it,  at  leaft,  might  have 
done,  if  it  had  lodged  there 

Jt  is  now  alfo  Mr.  Canton’s  opinion,  that 
eleCtric  atmofpheres  are  not  made  of  effluvia 
from  excited  or  electrified  bodies,  but  that 
they  are  only  an  alteration  of  the  ftate  of  the 
eleCtric  fluid  contained  in,  or  belonging  to  the 
air  furrounding  them,  to  a  certain  diftance  * 
that  excited  glafs,  for  inftance,  repels  the 
eleCtric  fluid  from  it,  and  confequently,  be¬ 
yond  that  diftance  makes  it  more  denfe ; 
whereas  excited  wax  attracts  the  eleCtric  fluid 
exifting  in  the  air  nearer  to  it,  making  it  rarer 
than  it  was  before. 

This  will  be  beft  underftood  by  a  figure. 

I  Let  A  (PI.  I.  fig.  i.)  represent  unexcited  glafs 


*  Elettricifmo  artificiale,  p.  54, 
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or  wax.  B  excited  glafs,  and  C  excited  wax ; 
and  let  the  dots  on  each  fide  of  A  reprefent  a 
line  of  particles  of  the  eledtric  fluid  at  their 
proper  diftance  in  a  natural  ftate. 

Let  B  and  C  be  carried  about  where  you 
will  in  the  air,  B  will  make  an  atmofphere 
equally  denfe,  and  C  an  atmofphere  equally 
rare,  while  the  quantity  of  the  eledtric  fluid 
each  of  them  contains  is  the  fame  as  at  firft. 
When  any  part  of  a  condudtor  comes  within 
the  atmofphere  of  B,  the  eledtric  fluid  it  na¬ 
turally  contains  will  be  repelled  by  the  denfe 
atmofphere,  and  will  recede  from  it.  But  if 
any  part  of  a  condudtor  be  brought  within  the 
atmofphere  of  C,  the  eledtric  fluid  it  natural¬ 
ly  contains  will  be  attradted  by  the  rare  at- 
mofphere,  and  move  towards  it.  And  thus 
may  the  eledtric  fluid  contained  in  any  body 
be  condenfed  or  rarefied  ;  and  if  the  body  be 
a  condudtor,  it  may  be  condenfed  or  rarified  in 
any  part  of  it,  and  fome  may  be  eafily  drawn 
out  of,  or  an  additional  quantity  put  into  it. 

It  was  obferved  before,  that  an  experiment 
of  Dn  Franklin,  which  he  thought  proves  that 
eledtric  atmofpheres  did  not  exclude  the  air, 
might  jufdy  make  us  fufpedt  the  exiftence  of  i 
thofe  atmofpheres,  fimce  the  eledtric  matter  is 
known  to  repel  the  air.  Another  experiment 
of  the  fame  nature  was  made  by  Dr.  Darwin 
of  Litchfield,  who  fent  an  account  of  it  to  the 
Royal  Society,  which  was  read  May  the  5th, 
1757.  He  got  a  glafs  tube,  open  at  one  end* 
and  having  a  ball  at  the  other.  This  ball  and 
half  of  the  tube  he  coated ;  and  when  he  had 
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inverted  it,  and  dipped  a  confiderable  part  of 
it  into  a  veffel  containing  oil  of  turpentine,  he 
introduced  a  wire  into  it,  and  charged  it ;  and 
obferved,  that  the  oil  did  not  at  all  appear  to 
fubfide.  From  this  he  concluded,  that  the 
eledric  atmofphere,  flowing  round  the  wire 
and  the  coating  the  tube,  above  the  oil,  did 
not  difplace  the  air,  but  exifted  in  its  pores 

An  experiment  fimilar  to  that  of  Dr.  Frank¬ 
lin  and  that  of  Dr.  Darwin  was  made  b y 
Signior  Beccaria.  He  took  a  coated  phial,  and 
when  he  had  inferted  into  it  a  fmall  glafs  tube, 
bent  horizontally  when  it  came  out  of  the 
phial ;  he  doled  it  with  cement,  and  prefent- 
ed  light  aihes  to  the  extremity  of  the  tube,  the 
orifice  of  which  was  very  fine;  and  always 
found,  that  the  aihes  were  blown  off,  when 
a  fpark  was  taken  into  the  phial,  but  they 
returned  towards  the  end  of  the  tube  after¬ 
wards  f.  It  is  probable,  that  the  metal  not 
being  fufficiently  in  contad  with  the  infide 
coating,  a  fpark  was  made  in  the  infide, 
which  expelled  the  air,  and  caufed  the  mo¬ 
tion  in  the  afhes.  The  fairefl:  method  of  try¬ 
ing  it  would  be  with  a  phial,  in  which  the 
metal  that  received  the  fire  from  the  conduc¬ 
tor,  fhould  be  a  production  of  the  inward 
coating, 

*  Phil.  Tranf.  Vol.  I,  pt.  i.  p.  3^1. 

f  Letters  deli’  eleitriciimo,  p.  79. 
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SECTION  VI. 

Mr.  SYMMER’s  experiments  relating 
TO  the  two  electricities,  and  those 
made  BY  JOHANNES  FRANCISCUS 

CIGNA  IN  PURSUANCE  OF  THEM. 

IT  had  hitherto  been  univerfally  fuppofed, 
that  all  the  phenomena  of  electricity  were 
produced  by  the  action  of  one  eleCtric  fluid. 
Even  Mr.  Du  Fay,  at  the  time  that  he  ima¬ 
gined  he  had  difcovered  another  eleCtric  fluid, 
diftinCt  from  that  of  glafs,  and  peculiar  to 
rofm,  &-c.  thought,  however,  that  it  was  quite 
independent  of  the  other,  and  that  their  ope¬ 
rations  were  never  combined.  Dr.  Watfon, 
and  Dr.  Franklin  thought  it  was  very  evident, 
that  the  difference  between  the  two  electrici¬ 
ties  confided  in  the  one  being  a  redundancy, 
and  the  other  a  deficiency  of  the  fame  matter. 
And  all  the  experiments  that  had  been  made 
concerning  the  two  electricities  feemed  to  con¬ 
firm  this  hypothefis.  At  length,  however, 
Mr.  Symmer  produces  a  great  number  of  cu¬ 
rious  experiments,  relating  to  the  fame  fub- 
jeCt  i  and  infers  from  them  the  probable 
exiftence  of  two  electric  fluids ,  not  independ¬ 
ent,  but  always  co-exiftent,  and  counteract¬ 
ing  one  another. 

The  firft  fet  of  his  experiments  are'  very 
remarkable,  but  he  does  little  more  than  re¬ 
late  naked  faCts.  They  wrere  diverfified,  and 
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purfued  much  farther  by  Mr.  Cigna,  of 
Turin,  who  has  alfo  explained  them  upon 
the  principles  of  Dr.  Franklin’s  theory  ; 
though  he  was  of  opinion,  that  no  experi¬ 
ments  that  had  yet  been  made  were  decifive  in 
favour  of  either  of  the  two  hypothefes.  Few 
hiftories  of  experiments  are  more  entertain¬ 
ing  than  the  firft  of  thefe  of  Mr.  Symmer ; 
the  fubfequent  experiments  are  lefs  fatisfac- 
tory.  The  papers  relating  to  them  all  were 
read  at  the  Royal  Society  in  the  year  1759  *. 

This  gentleman  had  for  fome  time  ob- 
ferved,  that  upon  putting  off  his  ftockings,  in 
an  evening,  they  made  a  crackling  or  fnap- 
ping  noife,  and  that,  in  the  dark,  he  could 
perceive  them  to  emit  Sparks  of  fire.  He  had 
no  doubt  but  that  this  proceeded  from  the 
principle  of  electricity,  and,  after  a  great 
number  of  obfervations,  to  determine  on 
what  circumftances  thofe  ftrong  eledrical  ap¬ 
pearances  depended,  he  found,  at  length, 
that  it  was  the  combination  of  white  and 
black  that  produced  the  eledricity;  and  that 
the  appearances  were  the  firongeft  when  he 
wore  a  white  and  black  filk  flocking  upon  the 
fame  legf.  Thefe,  however,  difcovered  no 
fign  of  eledricity  while  they  were  upon  the 

*  Phil.  Tranf.  Vo!,  li.  pt.  i.  p.  340. 

■f  The  Abbe  Noller,  in  repeating  thefe  experiments  of  Mr, 
Symmer,  found,  that  it  was  not  absolutely  neceifary,  that  one 
of  the  ftockings  Ihould  be  black,  for  that,  if  one  of  them  was 
only  dipped  in  a  deco&ion  of  gail-nuts3  which  doth  not  dye 
them  black,  but  is  only  a  preparative  to  it,  it  woo'd  have  the 
feme  effect.  Mollet’s  Lettres,  Vol.  iii.  p.  42. 
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leg,  or  hand  (for  he  found  that  his  hand  waf 
fufficient)  though  they  were  drawn  back- 
wards  and  forwards  upon  it  feveral  times. 
Nor  when  taker)  from  the  hand,  and  prefent- 
ed  to  an  electrometer  (i,  e.  Mr.  Cantonas  balls) 
did  they  appear  to  have  acquired  any  more 
than  a  very  fmall  degree  of  electricity ;  but 
the  moment  they  were  feparated,  they  were 
found,  both  of  them,  to  be  highly  electrifi¬ 
ed,  the  white  pofxtively,  ^nd  the  black  ne¬ 
gatively. 

Both  the  (lockings,  when  held  at  a  diftance 
from  one  another,  appeared  inflated  to  fuch 
a  degree,  that,  when  highly  electrified,  they 
exhibited  the  intire  fhape  of  the  leg;  and 
when  two  black,  or  two  white  (lockings  were 
held  together,  they  would  repel  one  another? 
fo  as  to  form  an  angle,  feemingly,  of  thirty  or 
thirty- five  degrees. 

When  a  white  and  black  (locking  were 
prefented  to  each  other ;  they  would  be  mu¬ 
tually  attracted ;  and,  if  permitted,  would 
ru(h  together  with  furprifing  violence.  In 
their  approach  their  inflation  gradually  fub- 
fided,  and  their  attra&ion  of  foreign  objects 
diminiflied,  but  their  attraction  of  one  an¬ 
other  increafed.  When  they  actually  met, 
they  grew  flat,  and  joined  as  clofe  together, 
as  if  they  had  been  fo  many  folds  of  filk. 
When  they  were  feparated,  their  eleCtricity 
did  not  feem  to  have  been  in  the  lead  impair¬ 
ed  by  the  (hock  of  meeting  ;  for  they  would 
be  again  inflated,  attraCl,  repel,  and  rufli  to¬ 
gether  as  before. 
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When  this  experiment  was  performed  with 
two  black  ftockings  in  one  hand,  and  two 
white  ones  in  the  other,  it  exhibited  a  curj- 
ous  fpe&acle.  The  repulfion  of  thofe  of  the 
fame  colour  and  the  attraction  of  thofe  of  dif¬ 
ferent  colours,  threw  them  into  an  agitation 
which  was  not  unentertaining,  and  made 
them  catch  each  at  the  oppofite  colour,  at  a 
greater  diftance  than  could  have  been  ex¬ 
pected. 

When  the  ftockings  were  feparated  from 
one  another,  they  would  lofe  their  power  very 
foon,  much  like  the  excited  tube ;  but  when 
they  were  together,  they  wrould  retain  it  an 
hour  or  two,  or  longer,  if  the  air  was  favour¬ 
able  to  electricity.  The  fharpeft  metallic 
point  could  not  deprive  them  of  it ;  and  when 
they  were  one  within  the  other,  no  means  he 
could  think  of  could  procure  the  leaft  per¬ 
ceivable  difcharge  of  the  electricity.  In  this 
refpeCt,  Mr.  Symmer  thought  there  was  a 
confiderable  refemblance  between  the  black 
and  the  white  flocking,  when  put  within  one 
another,  and  the  Leyden  phial. 

What  was  ftill  more  remarkable  in  thefe 
experiments  with  the  white  and  black  ftock¬ 
ings,  was  the  power  of  eleCtrical  cohefion 
which  they  exhibited.  Mr.  Symmer  perceiv¬ 
ed  that  the  white  and  black  ftockings,  when 
eleClrified,  and  allowed  to  come  together,  not 
only  joined  extremely  clofe,  but  actually  ftuck 
to  each  other.  By  means  of  a  balance,  he 
found,  that  in  order  to  feparate  them,  it  re¬ 
quired  from  one  to  twelve  ounces.  Another 
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time  they  raifed  feventeen  ounces,  which  was 
twenty  times  the  weight  of  that  flocking 
•which  fupported  them,  and  this  in  a  direct 
lion  parallel  to  its  furface. 

When  one  of  the  flockings  was  turned  in- 
fide  out,  and  put  within  the  other,  it  require 
ed  twenty  ounces  to  leparate  them,  though 
when  they  were  applied  to  each  other  exter¬ 
nally,  ten  ounces  were  fufficient. 

Getting  the  black  flockings  new  dyed, 
and  the  white  ones  walked,  and  whitened  in 
the  fumes  of  fulphur ;  and  then  putting  them, 
one  within  the  other,  with  their  rough  lides 
together,  it  required  three  pounds  three  ounces 
to  feparate  them.  And  he  had  reafon  to 
think  that  the  fulphur  contributed  nothing  to 
the  experiment. 

Trying  this  experiment  with  flockings  of 
a  more  fubftantial  make,  he  found  the  effeds 
more  contiderable.  When  the  white  flocking 
was  put  within  the  black  one,  fo  that  the  out-r 
fide  of  the  white  was  contiguous  to  the  infide 
of  the  black,  they  raifed  nine  pounds  want¬ 
ing  a  few  ounces,  which  was  fifty  tifnes  the 
weight  of  the  flocking.  When  the  white 
flocking  was  turned  infide  out,  and  put  with¬ 
in  the  black  one,  fo  that  their  rough  furfaces 
were  contiguous,  they  raifed  fifteen  pounds, 
one  pennyweight  and  a  half,  which  was  nine¬ 
ty-two  times  the  weight  of  the  flocking. 

Having  cut  off  the  ends  of  the  thread, 
and  the  tufts  of  filk,  which  had  been  left  in 
the  infide  of  the  flockings,  the  cohefion  was 
ponfiderably  diminifhed.  Prefiing  them  to¬ 
gether 
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getber  between  his  hands  contributed  much 
to  ftrengthen  it 

When  the  white  and  black  flocking  were 
in  cohefion,  and  another  pair,  more  highly 
electrified  were  feparated  from  one  another, 
and  prefented  to  the  former,  their  cohefion 
would  be  dilfolved;  and  each  flocking  of  the 
fecond  pair  would  catch  hold  of,  and  carry 
away  with  it,  that  of  its  oppofite  colour.  If 
the  degree  of  electricity  of  both  pairs  were 
equal,  the  cohefion  of  the  former  pair  would 
be  weakened,  but  not  diffolved ;  and  all  the 
four  would  cohere,  forming  one  mafs.  If  the 
fecond  pair  were  but  weakly  electrified,  the 
cohefion  of  the  firft  pair  would  be  but  little 
impaired,  and  the  cohefion  of  the  whole  mafs 
would  be  fmall  in  proportion. 

Mr.  Symmer  alfo  obferved,  that  white  and 
black  filk,  when  electrified,  not  only  cohered 
with  each  other,  but  would  alfo  adhere  to 
bodies  with  broad,  and  even  with  polifhed 
furfaces,  though  thofe  bodies  were  not  elec¬ 
trified.  This  he  difcovered  accidentally,  hav¬ 
ing,  without  defign,  thrown  a  flocking  out 
of  his  hand,  which  ftuck  to  the  paper  hang¬ 
ings  of  the  room.  He  repeated  the  experi¬ 
ment,  and  found  it  would  continue  hanging 
near  an  hour. 

Having  ftuck  up  the  black  and  white 
{lockings  in  this  manner,  he  came  with  an¬ 
other  pair  of  ftockings  highly  electrified  ^  and 
applying  the  white  to*  the  black,  and  the 

*  Phil,  Tranf,  Vol.  li,  pt.  i.  p.  393. 
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black  to  the  white,  he  carried  them  off  from 
the  wall,  each  of  them  hanging  to  that  which 
had  been  brought  to  it. 

The  fame  experiments  held  with  the  paint¬ 
ed  boards  of  the  room,  and  likewife  with  the 
looking-glafs,  to  the  fmooth  furface  of  which 
both  the  white  and  the  black  filk  appeared 
to  adhere  more  tenacioufly  than  to  either  of 
the  former  A 

A  few  obfervations,  fimilar  to  fome  of 
thefe  of  Mr.  Symmer,  were  made  by  Signior 
Alexandra  Amadeo  Faucionia ,  a  friend  of 
Signior  Beccaria.  He  put  a  beaver  fhirt  be¬ 
tween  two  others,  which  he  wore  in  extreme 
cold  weather  ;  and  whenever  he  put  off  the 
uppermoft  fhirt,  which  he  did  every  day,  he 
found  it  adhered  to  the  beaver  fhirt,  and,  on 
the  feparation,  eledric  fparks  were  vifible  be¬ 
tween  them.  Whenever  he  put  off  the  beaver 
fhirt,  it  adhered  ftill  more  to  the  under  fhirt, 
and  when  held  at  a  confiderable  diftance  from 
it,  would  rufh  to  it.  Thefe  attractions  would 
be  repeated  many  times,  but  they  grew  more 
languid  by  degrees,  till  they  intirely  ceafed. 
Signior  Beccaria,  upon  hearing  of  this  expe¬ 
riment,  repeated  it  with  fome  variation,  and 
found  it  to  anfwer  on  himfelf  "j\ 

The  cohelion  of  the  two  ftockings  induced 
Mr.  Symmer  to  try  the  force  of  electrical  co¬ 
ll  eh  on  in  eledrified  panes  of  glafs.  For  this 
purpofe,  he  got  two  panes  of  common  window 
glafs,  the  thinneft  and  the  fmootheft  that  he 

*  Phil.  Traof.  Vol.  li,  pt.  i.  p.  366. 
f  Dell’  elettricifmo  artificial?,  p  197. 
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.could  find,  and  coated  one  of  the  fides  of  each 
with  tinfoil,  leaving  a  fpace  uncovered  near 
the  edges.  He  then  put  the  uncovered  fides 
together,  and  charging  them  both  as  one 
pane,  he  found,  as  he  expedfed,  that  their 
cohefion  was  confiderabiy  ftrong  :  but  he  had 
no  apparatus  to  meafure  the  llrength  of  it. 
He  then  turned  the  plates  uplide  down,  and 
found  that  the  fame  operation  which  had  be¬ 
fore  charged  them,  did  now  uncharge  them, 
according  to  the  analogy  of  the  Leyden 
phial. 

Placing  two  panes  of  glafs,  each  of  them 
.coated  on  both  fides,  one  upon  the  other,  he 
found  that  they  wrere  both  charged  feparate- 
ly,  and  that  there  was  no  cohefion  between 
them. 

In  purfuance  of  thefe  laft  mentioned  expe¬ 
riments  of  Mr.  Symmer,  and  another  made 
at  Pekin  (which  will  be  recited  prefently)  Sig- 
nior  Beccaria  made  the  following,  which  are 
very  curious ;  but  which,  after  the  example 
of  the  author,  I  fhail  relate  without  attempt¬ 
ing  an  explanation. 

Having  charged  a  coated  plate  of  glafs,  he 
flipped  the  coating  from  off  the  negative  iide, 
and  applied  another,  uncoated  and  uncharged 
plate  of  glafs  ,clofe  to  it.  After  this,  putting 
a  coating  upon  the  uncharged  glafs  (fo  that 
the  whole  refembled  one  coated  plate,  .confid¬ 
ing  of  two  lamince)  he  formed  a  communica¬ 
tion  between  the  coatings.  The  confequence 
was  an  exploiion,  and  a  cohefion  of  the 
plates. 


If 
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If  he  feparated  the  plates  before  the  explo¬ 
sion,  after  they  had  been  in  conjunction  fome 
time,  the  charged  plate  was  pofitive  on  both 
tides,  and  the  uncharged  plate  negative  on 
both  fides.  But  if  he  feparated  them  after  the 
explofion,  the  charged  plate  was  negative  on 
both  fides,  and  the  uncharged  plate  pofitive 
on  both  fides. 

If  after  the  explofion  he  feparated  and 
joined  them  again  alternately,  a  fmall  circle  of 
paper,  placed  under  the  uncharged  plate,  ad¬ 
hered  to  it  upon  every  feparation,  and  was 
thrown  off  again  upon  every  conjunction. 
This  he  could  repeat  even  five  hundred  times, 
with  once  charging  the  plate.  This  was  the 
experiment  that  he  fays  was  made  by  fome 
Jefuits  at  Pekin,  in  the  year  1755,  and  be¬ 
ing  fent  to  the  Academy  of  Sciences  at  Peterf- 
burgh,  was  publiffied  in  their  Memoirs,  voh 
viii.  p.  276, 

If,  in  thefe  experiments,  the  charged  plate 
was  inverted,  and  the  pofitive  fide  applied  to 
the  uncharged  plate,  all  the  effeds  were 
exadly  the  reverfe  of  the  former.  If  it  was 
inverted  ever  fo  often,  after  remaining  fome 
time  in  contad  with  the  uncharged  glafs,  it 
would  produce  a  change  in  the  electricity.  In 
the  dark,  a  light  was  always  feen  upon  the 
feparation  of  thefe  plates. 

Laying  the  two  plates  together,  like  one 
plate,  and  coating  the  outlides  of  them,  he 
charged  them  both  together,  and,  at  the  dis¬ 
tance  of  about  four  feet,  he  diftinguiffied  fix 
of  the  coloured  rings ,  which  Newton  defcribes 
in  his  book  of  Optics,  all  parallel  to  one  an-** 

other, 
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other,  and  nearly  parallel  to  the  edge  of  the 
coating.  At  the  angles  of  the  coatings  the 
rings  fpread  to  a  greater  diftance  ;  where  the 
coatings  did  not  quite  touch  the  glafs,  the 
rings  bent  inwards  ;  and  where  the  coatings 
adhered  very  clofe,  they  retired  farther  from 
them.  Upon  difcharging  thefe  two  plates, 
the  coloured  rings  vanifhed,  and  the  eledric 
cohelion  (which  Mr.  Symmer  had  obferved  in 
this  cafe)  ceafed  with  them. 

Upon  feparating  thefe  plates  before  the 
explofion,  that  which  had  received  the  pofi- 
tive  eledricity  was  pofitive  on  both  fides,  and 
the  other  negative  on  both  fides.  If  they 
were  feparated  after  the  explofion,  each  of 
them  (as  in  the  former  experiment)  was  af- 
feded  in  a  manner  juft  the  reverfe  of  this. 
Upon  inverting  thefe  plates,  that  which  was 
the  thinner  appeared  to  be  polfdfed  of  the 
ftronger  eledricity,  and  (like  the  charged  plate 
in  the  former  experiment)  brought  the  other 
to  correfpond  to  it. 

Charging  the  two  plates  feparately,  and 
taking  off  two  of  the  coatings,  fo  as  to  place 
the  two  pofitive  or  the  two  negative  fides  to¬ 
gether,  there  was  no  cohefion  or  explofion. 
But  joining  a  pofitive  and  a  negative  fide,  they 
cohered,  and  a  communication  being  formed 
on  the  Qutfide,  there  was  an  explofion,  which 
increafed  the  cohefion.  Making  the  above-- 
mentioned  experiments  with  thefe  plates,  he 
fays,  they  aded  juft  as  the  two  that  were 
charged  at  the  fame  time  *. 

*  Phil.  Tranf,  Voi,  Ivii.  p.  4^8. 
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Mr.  Symmer  concludes  his  account  oi 
thefe  experiments  with  declaring  it  be  his 
opinion,  that  there  are  two  eleCtric  fluids,  or 
emanations  of  two  diftinCt  eleCtric  powers, 
effentially  different  from  each  other;  that 
electricity  does  not  confift  in  the  afflux  and 
efflux  of  thefe  fluids,  but  in  the  accumulation 
of  the  one  or  the  other  of  them  in  bodies 
electrified  ;  or,  in  other  words,  it  confifts  in 
the  poffeffion  of  a  larger  portion  of  one  or 
the  other  power,  than  is  requisite  to  maintain 
an  even  balance  within  the  body;  and  laftly, 
that,  according  as  the  one  or  the  other  power 
prevails,  the  body  is  electrified  in  the  one  or 
the  other  manner.  Nor  will  this  principle, 
fays  he,  of  two  diftinCt  electrical  powers  be 
found,  upon  due  confideration,  to  difagree 
with  the  general  fyftem  of  nature.  It  is  one 
of  the  fundamental  laws  of  nature,  that  ac- 
tion  and  reaction  are  infeparable  and  equal ; 
and,  when  we  look  round,  we  find  that  every 
power  which  is  exerted  in  the  material  world 
meets  with  a  counteracting  power,  which  con- 
trouls  and  regulates  its  effects,  fo  as  to  anfwer 
the  wife  purpofes  of  providence 

Mr.  Symmer  alfo  alledges,  in  proof  of 
his  two  diftinCt  powers  of  electricity,  the  ex¬ 
periment  which  Dr.  Franklin  has  related,  of 
piercing  a  quire  of  paper  with  an  eleCtric 
thock.  Fie  thought  that  the  bur  which  was 
railed  on  both  tides  of  the  paper  was  produced 
by  two  fluids,  moving  in  two  different  direc- 

*  Phil.  Tranf.  Vol.  li.  pt.  i.  p.  389. 
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tions.  To  fhow  the  manner  in  which  this 
broke  was  made  more  evidently,  he  men¬ 
tions  two  other  fimilar  experiments,  in  which 
the  circumbances  of  the  broke  were  a  little 
varied. 

f 

A  piece  of  paper,  covered  on  one  fide  with 
Dutch  gilding,  and  which  had  been  left  acci¬ 
dentally  between  two  leaves,  in  a  quire  of 
paper  in  which  the  former  experiment  had 
been  made,  was  found  to  have  the  impref- 
fion  of  two  brokes  upon  it,  about  a  quarter  of 
an  inch  from  each  other ;  the  gilding  being 
bripped  off,  and  the  paper  left  bare  for  a 
little  fpace  in  both  places.  In  the  center  of 
one  of  thefe  places  was  a  little  round  hole,  in 
the  other  only  an  indenture  or  impredion, 
fuch  as  might  have  been  made  writh  the  point 
of  a  bodkin. 

These  obfervations  Mr.  Symmer  commu¬ 
nicated  to  Dr.  Franklin,  who,  notwithband- 
ing  Mr.  Symmer  was  endeavouring  to  ebabliih 
a  theory  of  electricity  contrary  to  his  own, 
with  the  generofity  natural  to  him,  abided 
him  with  his  apparatus  in  making  another 
experiment  in  purfuance  of  that  mentioned 
above. 

In  the  middle  of  a  paper  book,  of  the 
thickneis  of  a  quire,  Mr.  Symmer  put  a  flip 
of  tinfoil;  and  in  another,  of  the  fame  thick- 
nefis,  he  put  two  fiips  of  the  fame  fort  of  foil, 
including  the  two  middle  leaves  of  the  book 
between  them.  Upon  bribing  the  two  dif¬ 
ferent  books,  the  effeds  were  anfwerable  to 
what  he  expeCled,  In  the  firb,  the  leaves  on 

each 
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each  fide  of  the  foil  were  pierced,  while  the 
foil  itfelf  remained  unpierced ;  but,  at  the 
fame  time,  he  could  perceive  an  impreffion 
had  been  made  on  each  of  its  furfaces,  at  a 
little  diftance  from  one  another  ;  and  fuch  im« 
preffions  were  ftill  more  viable  on  the  paper, 
and  might  be  traced,  as  pointing  different 
ways.  In  the  fecond,  all  the  leaves  of  the 
book  were  pierced,  excepting  the  two  that 
were  between  the  flips  of  foil ;  and  in  thefe 
two,  inftead  of  holes,  the  two  impreflions  in 
contrary  directions  were  viable. 

Mr.  Symmer  afterwards  got  an  electrical 
apparatus  of  his  own,  formed  on  the  model 
of  that  of  Dr.  Franklin,  with  which  he  fre¬ 
quently  repeated  the  experiments  above-men¬ 
tioned,  the  refult  of  all  which  he  comprifes 
in  the  three  following  obfervations. 

i.  When  a  quire  of  paper,  without  any 
thing  between  the  leaves,  is  pierced  with  a 
ftroke  of  electricity,  the  two  different  powers 
keep  in  the  fame  track,  and  make  but  one 
hole  in  their  palfage  through  the  paper :  not 
but  that  the  power  from  above,  or  that  from 
below,  fometimes  darts  into  the  paper  at  two 
or  more  different  points,  making  fo  many 
holes,  which,  however,  generally  unite  be¬ 
fore  they  go  through  the  paper.  They  feem 
to  pafs  each  other  about  the  middle  of  the 
quire,  for  there  the  edges  are  mo  ft  vifibly 
bent  different  ways ;  whereas,  in  the  leaves 
near  the  outfide  of  the  quire,  the  holes 
very  often  carry  more  the  appearance  of 
the  paffage  of  a  power  iffuing  out,  and  ex¬ 
ploding 
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ploding  into  the  air,  than  of  one  darting  into 
the  paper. 

29  When  ariy  thin  metallic  fubftance,  fuch 
as  gilt  leaf,  or  tinfoil,  is  put  between  the 
leaves  of  the  quire,  and  the  whole  is  {truck, 
in  that  cafe,  the  counteracting  powers  deviate 
from  the  direCt  traCt,  and  leaving  the  path 
which  they  would  itf*  common  have  taken 
through  the  paper,  only  make  their  way  in 
different  lines  to  the  metallic  body,  and  ftrike 
it  in  two  different  points,  diftant  from  one 
another  about  a  quarter  of  an  inch,  more  or 
lefs ;  the  diftance  appearing  to  be  the  leaft 
when  the  power  is  greateft  :  and  whether  they 
pierce  it,  or  only  make  impreffions  upon  it,  in 
either  cafe  they  leave  evident  marks  of  mo¬ 
tion  from  two  different  parts,  and  in  two  con¬ 
trary  directions.  It  is  this  deviation  from  a 
common  courfe,  and  the  feparation  of  the 
lines  of  direction  confequent  upon  it,  fays  he, 
that  affords  a  proof  of  the  exertion  of  two 
diftinCt  and  counteracting  powers. 

3.  When  two  flips  of  tinfoil  are  put  into 
the  middle  of  the  quire,  including  two  or 
more  leaves  between  them,  if  the  electricity 
be  moderately  ftrong,  the  counteracting  powers 
only  ftrike  againft  the  flips,  and  leave  their 
impreflion  there.  When  it  is  ftronger,  one 
of  the  flips  is  generally  pierced,  but  feldom 
both;  and  from  what  he  hadobferved  in  fuch 
cafes,  he  fays  it  fhould  feem,  as  if  the  power 
which  iffued  from  the  outfide  of  the  phial 
aCted  more  ftrongly  than  that  which  proceeded 
from  within,  for  the  lower  flip  was  moil:  com- 

Y  monly. 
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monly  pierced.  But  this,  he  adds,  may  be 
owing  to  the  greater  fpace  which  the  power 
from  within  has  to  move  through  before  it 
ftrikes  the  paper  , 

In  the  fame  paper,  Mr.  Symmer  furnifhes 
a  remarkable  inftance  of  the  power  of  an  hy- 
pothefis  in  drawing  fads  to  itfelf,  in  making 
proofs  out  of  fads  which  are  very  ambiguous, 
and  in  making  a  perfon  overlook  thofe  cir- 
cumdances  in  an  experiment  which  are  un¬ 
favourable  to  his  views. 

When  a  phial  is  eledrified  but  a  little, 
Mr.  Symmer  fays,  if  we  touch  the  coating  of 
it  with  a  finger  of  one  hand,  and,  at  the  fame 
time,  bring  a  finger  of  the  other  hand  to  the 
wire,  we  (hall  receive  a  pretty  fmart  blow 
upon  the  tip  of  each  of  the  fingers,  the  fen- 
fation  of  which  reaches  no  farther.  If  the 
phial  be  eledrified  a  degree  higher,  wre  fhall 
feel  a  ftronger  blow,  reaching  to  the  wrids, 
but  no  farther.  When,  again,  it  is  eledrified 
to  a  ftill  higher  degree,  a  feverer  blow  will  be 
received,  but  will  not  be  felt  beyond  the 
elbows.  Lafily,  when  the  phial  is  ftrongly 
charged,  the  ilroke  may  be  perceived  in  the 
wrids,  and  elbows  ;  but  the  principal  fhock  is  > 
felt  in  the  bread:,  as  if  a  blow  from  each  fide 
met  there.  This  plain  and  fimple  experi¬ 
ment,  fays  Mr.  Symmer,  feems  obvioufly  to 
fugged  to  obfervation  the  exidence  of  two 
didind  powers,  ading  in  contrary  diredions; 
and,  I  believe,  fays  he,  it  would  be  held  as  a 

#  Phil.  TianfT  Vol.  li.  pt.  i.  p.  377,  &c. 
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fufficient  proof  by  any  perfon,  who  fhould 
try  the  experiment,  with  a  view  to  deter¬ 
mine  the  queftion  fimply  from  his  own  per¬ 
ceptions 

It  is  a  fufficient  anfwer  to  this  remark  of 
Mr.  Sy miner,  that  if  twenty  people  join 
hands.,  they  may  all  be  made  to  feel  the  fhock 
in  their  wrifts,  or  their  elbows,  without  hav¬ 
ing  their  breafts  affedfed  in  the  leaft.  And 
can  it  be  fuppofed,  that  the  two  currents  of 
eledtric  fire  could  come  at  all  their  wrifts  or 
elbows,  without  palling  through  their  breaks  ? 
According  to  Mr.  Symmer’s  hypothefis,  it 
fhould  feem,  that,  in  a  large  circle,  thofe 
perfons  only  who  flood  near  the  phial,  on 
either  hand,  fhould  feel  a  J'mall fieock  ;  that  a 
few  perfons  more,  at  each  extremity  of  the 
circle,  fhould  feel  one  fo  me  thing  flronger 
and  that  it  could  only  be  a  very  ftrong  fhock, 
which  could  at  all  affedt  the  perfon  wrho  flood 
in  the  middle;  and  that  then  he  fhould  be  af- 
fedted  the  leaft  of  any  perfon  in  the  com¬ 
pany.  But  all  thefe  confequences  are  contrary 
to  fadt. 

This  hypothefis  of  Mr.  Symmer,  notwith- 
ftanding  he  has  failed  in  his  application  of  it 
to  the  experiments  above  mentioned,  has  at- 
tradled  the  notice  of  feveral  eledtricians,  both 
at  home  and  abroad ;  and  fome  perfons  feem 
inclined  to  adopt  it,  in  preference  to  Dr.  Frank¬ 
lin’s  theory.  I  fhall  therefore  confider  it 
more  at  large,  when  I  come  to  treat  of  theories 

#  Phil.  Tranf.  Vol.  11  pt,  i.  p.  373,  &c. 
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profefledly ;  till  which  time,  I  take  leave  of 
this  ingenious  philofopher,  and  his  two  elec¬ 
tric  fluids. 

The  experiments  of  Mr.  Symmer  excited 
the  attention  of  Mr.  Cigna,  and  led  him 
to  a  courfe  of  experiments,  which  throws  ftill 
more  light,  both  upon  the  dodrine  of  the 
two  eledricities  and  the  Leyden  phial.  They 
are  alfo  a  farther  illuftration  of  the  difcovery 
of  Mr.  Canton,  improved  by  Meflrs.  Wilcke 
and  jEpinus,  of  the  mutual  repellency  of  fimi- 
lar  eledric  atmofpheres. 

He  took  two  white  filk  ribbons,  juft  dried 
at  the  fire,  and  having  extended  them  upon  a 
fmooth  plain,  either  a  condudor  or  a  non- 
condudor,  he  drew  over  them  the  fharp  edge 
of  an  ivory  ruler,  and  found,  that  both  the 
ribbons  had  acquired  eledricity  enough  to  ad¬ 
here  to  the  plain  ;  though,  while  they  re¬ 
mained  upon  the  plain,  they  fhewed  no  other 
fign  of  it.  If  they  were  both  taken  off  from 
the  plain  together,  they  attraded  one  another, 
the  upper  having ,  acquired  the  refinous  and 
more  powerful,  and  the  lower  the  vitreous 
and  weaker  eledricity.  If  they  were  taken 
up  feparately,  they  repelled  one  another, 
having  both  acquired  the  refinous  elec¬ 
tricity  *. 

In  this  feparation  of  both  the  ribbons  from 
the  plain,  as  alfo  in  their  feparation,  after¬ 
wards,  from  one  another,  eledric  fparks 
were  vifible  between  them ;  but  if  they  were 

*  Memoirs  of  the  Academy  at  Turin  for  the  year  1765, 
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again  put  upon  the  plain,  or  joined  together, 
no  light  appeared  upon  their  fecond  repara¬ 
tion,  without  another  fridion  of  the  ruler. 
Alfo,  when,  by  being  taken  off  feparately, 
they  had  been  made  to  repel  one  another,  if 
they  were  laid  on  the  plain  again,  and  taken 
off  together,  they  would  not  attrad;  and  if, 
by  being  taken  off  together,  they  had  firft 
been  made  to  attrad  one  another,  and  were 
laid  on  the  plain  a  fecond  time,  and  then 
taken  off  feparately,  they  would  not  repel, 
without  another  fridion. 

When,  by  the  operation  above  mention¬ 
ed,  they  had  acquired  the  fame  eledricity,  if 
they  were  placed,  not  upon  the  fmooth  body 
on  which  they  had  been  rubbed,  but  on  a 
rough  one,  and  a  condudor,  as  hemp  or  cot¬ 
ton,  not  very  dry ;  they  would,  upon  being 
feparated,  fhow  contrary  eledricities ;  which, 
when  they  were  joined  together,  would  dif~ 
appear  as  before  *. 

If  they  had  been  made  to  repel  one  another, 
and  were  afterwards  placed  one  upon  the 
other,  on  the  rough  furface  above  mentioned, 
they  would,  in  a  few  minutes,  attrad  one  an¬ 
other;  the  lower  of  the  two  ribbons  having 
changed  its  refinous  into  a  vitreous  elec¬ 
tricity. 

If  the  two  white  ribbons  received  their 
fridion  upon  the  rough  furface,  they  always 
acquired  contrary  eledricities;  the  upper  of 
the  two  having  the  refinous,  and  the  lower 

*  Memoirs  of  the  Academy  at  Turin  for  the  year  1765, 
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the  vitreous,  in  whatever  manner  they  were 
taken  off. 

The  fame  thing  that  was  done  by  a  rough 
furface  was  done  by  any  pointed  conductor. 
If  two  ribbons,  for  inftance,  were  made  to 
repel,  and  hang  parallel  to  one  another ;  and 
the  point  of  a  needle  were  drawn  oppofite  to 
one  of  them,  along  its  whole  length,  they 
would  prefently  rufh  together;  the  electri¬ 
city  of  that  ribbon  to  which  the  needle 
was  prefented  being  changed  into  the  con¬ 
trary  *. 

In  the  fame  manner  in  which  one  of  the 
ribbons  changed  its  electricity,  a  ribbon  not 
electrified  would  acquire  eleCtricity,  viz.  by 
putting  it  upon  a  rough  furface,  and  laying 
an  eleCbdfied  ribbon  upon  it  ;  or  by  holding  it 
parallel  to  an  electrified  ribbon,  and  prcfent- 
ing  a  pointed  conductor  to  it. 

He  placed  a  ribbon  not  quite  dry  under 
another  that  was  well  dried  at  the  fire,  upon  a 
fmooth  plain ;  and  when  he  had  given  them 
the  ufual  friction  with  his  ruler,  he  found 
that,  in  what  manner  foever  they  were  remov¬ 
ed  from  the  plain,  the  upper  of  them  had  ac¬ 
quired  the  reiinous,  and  the  lower  the  vitre¬ 
ous  eleCtricity  f . 

If  both  the  ribbons  were  black,  all  the 
above  mentioned  experiments  fucceeded, 
in  the  fame  manner  as  if  they  had  been 
white  J. 

/ 

/ 

*  Memoirs  of  the  Academy  at  Turin  for  the  year  1765, 
p.  34.  f  ibid,  p.  35.  X  ibid. 

If, 


TWO  ELECTRICITIES.  327 

If,  inftead  of  his  ivory  ruler,  he  made  ufe 
of  any  (kin,  or  of  a  piece  of  fmooth  glafs, 
the  event  was  the  fame ;  but  if  he  made  ufe 
of  a  ftick  of  fulphur,  the  eledricities  were,  in 
all  cafes,  the  reverfe  of  what  they  were  be¬ 
fore  ;  the  ribbon  which  was  rubbed  having 
always  acquired  the  vitreous  eledricity. 

When  he  made  ufe  of  paper,  either  gilt  or 
not  gilt,  the  refults  were  uncertain. 

When  the  ribbons  were  wrapped  in  paper, 
gilt  or  not  gilt,  and  the  fridion  was  made 
upon  the  paper,  laid  upon  the  plain  above 
mentioned,  the  ribbons  acquired,  both  of 
them,  the  refinous  eledricity 

If  the  ribbons  were  one  black,  and  the 
other  white,  which  ever  of  them  was  laid 
uppermoft,  and  in  whatever  manner  the  fric¬ 
tion  was  made,  the  black  generally  acquired 
the  refinous,  and  the  white  the  vitreous  elec¬ 
tricity  'f'. 

He  obferved,  however,  the  following  con- 
ftant  event ;  that  whenever  the  texture  of  the 
upper  piece  of  filk  was  loofe,  yielding,  and 
retiform,  like  that  of  a  hocking,  fo  that  it 
could  move,  and  be  rubbed  again  ft  the  lower, 
and  the  rubber  was  of  fuch  a  nature  as  to  im¬ 
part  but.  little  eledxicity  to  glafs;  the  elec¬ 
tricity  which  the  upper  piece  of  filk  acquired, 
did  not  depend  upon  the  rubber,  but  upon 
the  body  it  was  laid  upon ;  in  which  cafe  the 
black  was  always  refinous,  and  the  white  vi- 

*  Memoirs  of  the  Academy  at  Turin  for  the  year  1765, 
p.  36.  f  Ibid.  p.  38. 
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treous.  But  when  the  filk  was  of  a  clofe 
texture,  hard  and  rigid,  and  when  the  rubber 
was  fuch  as  imparted  a  great  degree  of  elec¬ 
tricity  to  glafs,  the  electricity  of  the  upper 
piece  did  not  depend  upon  the  lower,  but 
upon  the  rubber.  Thus  a  white  filk  flock¬ 
ing,  rubbed  with  gilt  paper  upon  glafs,  be-r 
came  refinous,  and  the  glafs  vitreous ;  but  if 
a  piece  of  filk,  of  a  firmer  texture,  was  laid 
upon  a  plate  of  glafs,  it  always  acquired  the 
vitreous  eleftricity,  and  the  glafs  the  refinous, 
if  it  was  rubbed  with  fulphur ;  and  for  the 
moft  part,  if  it  was  rubbed  with  gilt  paper 
So  that  the  filk  that  was  rubbed  received  its 
eleCfricity,  fometimes  from  the  rubber,  and 
fometimes  from  the  fubftance  placed  under  it; 
according  as  it  received  greater  friction  from 
the  one  or  the  other,  or  in  proportion  as  one 
or  the  other  wras  more  proper  to  give  elec¬ 
tricity  to  glafs. 

Another  fet  of  experiments,  which  the 
fame  Mr.  Cigna  made,  illuflrate  the  ad  he  fi  on 
of  Mr.  Symmer’s  eleCtrical  flockings  to  bodies 
with  fmooth  furfaces.  He  infulated  a  plate 
of  lead,  and  bringing  an  electrified  ribbon 
near  it,  obferved  that  it  was  attracted  very 
feebly.  Bringing  his  finger  to  the  lead,  a 
fpark  iifued  out  of  it,  upon  which  it  attract¬ 
ed  the  ribbon  vigoroufly,  and  both  together 
fhewed  no  figns  of  electricity.  Upon  the  fe- 
paration  of  the  ribbon,  they  again  both  ap- 

*  Memoirs  of  the  Academy  at  Turin,  for  the  year  1 763, 
p.  40. 
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peared  to  be  electrified,  and  a  fpark  was  per¬ 
ceived  between  the  plate  and  the  finger 
Laying  two  plates  of  glafs  upon  a  fmooth 
conductor  communicating  with  the  ground, 
and  rubbing  them  in  the  fame  manner  as  the 
ribbons  had  been  rubbed,  they  likewife  ac¬ 
quired  eleCtricity,  and  adhered  firmly,  both 
to  one  another,  and  to  the  conductor.  If  it 
were  a  plate  of  lead,  not  very  thick,  it  would 
be  fupported  by  the  attraction.  When  they 
were  together,  they  fhowed  no  other  figns  of 
eleCtricity  •j'*. 

When  the  two  plates  of  glafs  were  feparat- 
ed  from  the  conductor,  and  kept  together, 
they  fhowed,  on  both  tides,  a  vitreous  elec¬ 
tricity  ;  and  the  conductor,  if  it  had  been  in- 
fulated,  was  feen  to  have  contracted  a  refin- 
ous  eleCtricity. 

The  two  plates  of  glafs  themfelves,  when 
Separated,  were  poffeffed  of  the  two  elec¬ 
tricities  ;  the  upper  of  the  vitreous  and 
ftronger,  and  the  lower  of  the  refmous  and 
weaker. 

With  a  rough  conductor,  whether  they 
were  originally  rubbed  upon  it,  or  brought 
to  it,  after  they  had  been  rubbed  upon  a 
fmooth  one,  they  fcarce  contracted  any  elec¬ 
tricity  ;  though,  when  they  were  feparated 
from  one  another,  they  were  affeCted  as  be¬ 
fore. 

Upon  this  principle,  Mr.  Cigna  endeavours 
to  account  for  the  non-excitation  of  a  globe 

*  Memoirs  of  the  Academy  at  Turin,  fcr  the  }Car  1765, 
p.  43.  f  Ibid,  p.  52. 
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or  tube  from  which  the  air  is  exhaufted,  or 
which  is  lined  with  conducting  fubftances. 
In  this  cafe,  he  fays,  the  vitreous  electricity 
on  the  external  furface  of  the  glafs  is  balanced 
by  the  refmous  in  the  inward  coating,  or  in 
the  vacuum  which  ferves  inftead  of  a  coat¬ 
ing;  and  therefore  it  is  in  the  fituation  of 
the  plates  of  glafs  while  they  lie  upon  the 
conductor  above-mentioned  :  but  when  the 
inward  coating  is  taken  away,  the  electricity 
appears  on  the  outfide,  without  any  frefh 
excitation,  as  when  the  plates  were  removed 
from  the  conductor  A 

When  he  laid  a  number  of  ribbons  of  the 
fame  colour  upon  the  fmooth  conductor,  and 
drew  his  ruler  over  them  ;  he  found,  that 
when  he  took  them  up  fmgly,  they  all  gave 
fparks,  at  the  place  where  they  were  feparat- 
ed,  as  the  laft  ribbon  did  with  the  fmooth 
plate,  and  had  all  acquired  the  refmous  elec¬ 
tricity  f. 

If  they  were  all  taken  from  the  plate  to¬ 
gether,  they  cohered  in  one  mafs,  which,  on 
both  fides,  appeared  to  be  refmous.  If  they 
were  laid  upon  the  rough  conductor,  in  the 
fame  order  (whereby  the  oppofite  electricities 
•were  brought  to  an  equilibrium)  and  they 
were  all  feparated  fmgly,  beginning  with  the 
ioweft,  fparks  appeared  as  before ;  but  all 
the  ribbons  had  acquired  the  vitreous  elec¬ 
tricity,  except  the  upper moft,  which  retained 

*  Memoirs  of  the  Academy  at  Turin,  for  the  year  176$', 
p.  54.  f  ibid.  p.  61. 
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the  refmous  eledricity  it  had  received  from 
the  fridion  *. 

If  they  received  the  fridion  upon  the 
rough  condudor,  and  were  all  taken  up  at 
once  (in  order  to  have  a  bundle  in  which  the 
oppofite  eledricities  were  balanced)  all  the  in¬ 
termediate  ribbons  acquired  the  eledricity, 
either  of  the  high  eh  or  the  loweft  ribbon,  ac¬ 
cording  as  the  feparation  was  begun  with  the 
higheft,  or  the  loweft. 

If  two  ribbons  were  feparated  from  the 
bundle  at  the  fame  time,  they  clung  together ; 
and,  in  that  hate,  fhowed  no  fign  of  elec¬ 
tricity,  as  one  of  them  alone  would  have 
done.  When  they  were  feparated,  and  the 
different  eledricities  were  manifeft,  the  elec¬ 
tricity  was  obferved  to  refide  in  the  outermoft, 
and  was  oppofite  to  that  by  which  they  had 
both  adhered  to  the  bundle,  but  much 
weaker  f. 

He  placed  a  number  of  ribbons  upon  a 
plate  of  metal,  which  received  eledricity  from 
the  globe,  while  he  held  a  pointed  body  to 
the  other  fide  of  the  ribbons.  The  confe- 
quence  wras,  that  all  the  ribbons  became  pof- 
feffed  of  the  eledricity  oppofite  to  that  of  the 
plate,  or  of  the  fame,  according  as  they  were 
taken  off ;  except  the  moft  remote,  which  al¬ 
ways  kept  an  eledricity  oppofite  to  that  of 
the  plate. 

From  thefe  experiments  he  infers,  that  as 
eledricity  is  propagated  from  the  outermoft 

*  Memoirs  of  the  Academy  at  Turin,  for  the  year  1765, 
p.  61.  f  Ibid. 
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ribbon  to  thofe  underneath  it,  or  elfe  from 
the  plate  below  to  thofe  next  above  it,  when 
they  are  feparated,  fo  likewife  when  the  coat¬ 
ing  is  feparated  from  a  charged  pane  of  glafs, 
it  likewife  depofits  its  electricity  upon  the  fu^ 
perficies  of  the  glafs,  the  phenomena  being 
the  fame  in  both.  For  when  he  put  metal 
coatings  on  the  fide  of  a  plate  of  glafs,  with¬ 
out  any  cement,  they  adhered  firmly  to  the 
glafs  when  it  was  charged,  and  a  light  appear¬ 
ed  upon  their  being  feparated  from  it,  as  in 
the  cafe  of  the  ribbons 

When  he  coated  a  number  of  ribbons  in 
the  fame  manner,  and  charged  them,  the 
coatings  adhered  firmly  to  the  ribbons ;  but 
he  could  never  feparate  one  of  them,  but  (in 
confequence  of  the  loofe  texture  of  the  filk)  a 
fpark  would  go  to  the  oppofite  coating,  which 
immediately  fell  off,  the  whole  being  then 
difcharged  f. 

But  he  thought  the  coatings  did  not  depo- 
fite  all  their  electricity  on  the  plate,  when  they 
were  taken  off ;  for  though,  when  both  were 
taken  off,  the  eledricities  of  the  two  lides  ftill 
balanced  one  another  (becaufe  each  retained 
the  fame  diminifhed  quantityj  yet,  when  one 
fuperfcies  of  the  glafs,  or  of  the  ribbons,  re-* 
ceived  its  electricity  from  friction,  and  the 
other  only  from  the  oppofite  coating,  he  ob- 
ferved,  that  the  electricities  which  balanced 
one  another  while  the  coating  was  on,  were 
no  longer  balanced  when  it  was  taken  off  ; 

*  Memoirs  of  the  Academy  at  Turin,  for  the  year  1765, 
p.  63.  t  t bid  p.  64. 
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the  electricity  of  the  furface  which  was  rub¬ 
bed  then  prevailing,  becaufe  the  conducting 
coating  had,  upon  its  reparation,  taken  part 
of  its  electricity  along  with  it  *. 

To  confirm  this,  he  adds  another  experi¬ 
ment.  He  charged  a  pane  of  glafs,  coated 
on  one  fide,  while  the  other  received  elec¬ 
tricity  by  a  pointed  conductor  from  the  ma¬ 
chine  :  he  likewife  inverted  the  plate,  and 
made  the  coated  fide  communicate  with  the 
prime  conductor,  while  a  pointed  piece  of 
metal  was  prefented  to  the  oppofite  fide; 
and,  in  both  cafes,  found,  that  while  the 
coating  remained,  the  two  electricities  ba¬ 
lanced  one  another  ;  but  that  when  the  coat¬ 
ing  was  flipped  off,  the  eledricity  of  the  op¬ 
pofite  fide  prevailed,  fo  as  to  be  apparent  on 
both  fides  of  the  plate  *f\ 

*  Memoirs  of  the  Academy  at  Turin  for  the  year  1765, 
p.  65.  f  Ibid. 
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V 

SECTION  VII. 

The  history  of  the  LEYDEN  PHIAL 

CONTINUED. 

•*  ‘ 

GREAT  as  were  the  difcoveries  of  Dr. 

Franklin  concerning  the  Leyden  phial, 
he  left  fome  curious  particulars  for  this  pe¬ 
riod  of  the  hiftory  of  electricity;  and  the 
fubjeft  is  by  no  means  exhaufted.  Many  of 
the  properties  of  this  wonderful  bottle ,  as  the 
DoCtor  calls  it,  are  ftill  unexplained.  But  as 
more  and  more  light  is  perpetually  thrown 
upon  it,  let  us  hope  that,  at  length,  we  fhali 
thoroughly  underhand  this  great  experiment. 
The  greateft  difcovery  concerning  the  proper¬ 
ties  of  the  Leyden  phial,  in  this  period,  hath 
already  been  related  in  the  account  of  MefTrs. 
Wilcke5s  and  iEpinus’s  method  of  giving  the 
fhock  by  means  of  a  plate  of  air  ;  and  other 
obfervations  have,  iikewife,  been  occafionally 
mentioned,  in  places  where  their  connection 
required  them  to  be  inferted.  This  feCtion, 
however,  will  contain  feveral  experiments 
of  a  mifcellaneous  nature,  which  are  well 
worth  notice. 

Immediately  upon  the  difcovery  of  the 
fhock  given  by  glafs,  all  electricians  attempt¬ 
ed  to  charge  other  eleCtric  fubftances,  but 
none  of  them  fucceeded  before  Signior  Bec- 
caria.  He  found  that  a  very  fmooth  plate  of 
fealing-wax,  made  by  pouring  that  fubilance, 

when 
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when  melted,  upon  an  oiled  marble  table, 
would  receive  a  confiderable  charge 

After  trying  feveral  other  eleftrics,  in  the 
fame  manner,  he  found  that  a  mixture  of 
pitch  and  colophonia  was  charged  lefs  than 
fealing  wax,  but  more  than  fulphur,  and  a 
great  deal  more  than  pitch  alone  ■f- . 

But  the  moft  curious  experiment  of  this 
philofopher,  relating  to  this  fubjeft,  was 
made  with  a  view  to  afcertain  the  real  direc¬ 
tion  of  the  eleftric  fluid  in  a  difcharge.  He 
fufpended  a  coated  plate  of  glafs  by  a  filk 
thread,  and  having  charged  it,  and  kept  it 
perfectly  ftill ;  he  obferved  that  no  motion 
was  given  to  it,  when  the  difcharge  was 
made  by  a  crooked  wire  approaching  both 
the  (ides  at  the  fame  time.  The  experiment, 
in  fa  ft,  proved  the  re-aftion  of  the  glafs  up¬ 
on  the  eleftric  matter  ;  whereby  the  plate 
were  kept  ftill,  notwithftanding  the  fluid 
rufhed  with  great  violence  from  one  fide  to 
the  other.  He  compares  the  glafs  to  an  ivory 
ball  placed  between  two  others,  which  keeps 
its  place,  when,  by  an  impulfe  given  to  one 
of  them,  the  oppofite  ball  flies  off  J. 

Mr.  Hartman  of  Hanover  has  publifh- 
ed  an  account  of  a  curious  experiment,  which 
feems  to  fhow  the  progreffive  motion  of  the 
eleftrical  explofion.  He  paffes  a  fhock 
through  a  great  number  of  cannon  halls,  fame- 
times  to  the  number  of  forty,  placed  near 
one  another,  upon  fmall  drinking-glades ; 

*  Lettere  dell’  eletiricifmo,  p.  6^.  f  Ibid.  p.  66. 

%  ibid,  p,  72. 
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when  all  the  fparks  are  feen  at  the  fame  mo^ 
ment  of  time,  and  all  the  fnappings  make 
but  one  report.  But  when  he  fubftitutes  eggs 
inftead  of  the  bajls  of  metal,  the  progrefs  of 
the  explofion  is  vifible,  every  two  giving  a 
fnap  and  a  flafh  feparately.  This  experiment 
requires  weather  very  favourable  to  electri¬ 
city,  and,  he  fays  has  generally  fucceeded 
the  beft  vdth  only  ten  or  twelve  eggs  *.  This 
author  has  not  exprefsly  faid  in  which  direc¬ 
tion  the  fparks  ran ;  but  as  he  adopts  Dr. 
Franklin’s  hypothefis,  it  may  be  prefumed, 
that  he  imagined  them  to  go  from  the  pofi- 
tive  to  the  negative  lide  of  the  charged 
glafs. 

A  very  ingenious  experiment  has  alfo 
been  made  by  Mr.  Amadeus  Lullin  of  Gene¬ 
va,  in  order  to  afcertain  the  diredion  of  the 
eleCtric  fluid  in  explofions,  and  which  he 
thinks  comes  nearer  to  the  experimentum  crucis 
than  any  other.  He  placed  a  common  card 
in  the  circuit  of  the  eledrical  explofion,  while 
the  wire  which  communicated  with  the  pofi- 
tive  fide  of  the  jar  lay  on  one  fide  of  it,  and 
that  which  communicated  with  the  negative 
fide  lay  on  the  other,  their  extremities  not 
being  placed  oppofite  to  one  another,  but  at 
fome  diftance.  Things  being  thus  circum- 
ftanced,  he  obferved,  that  upon  making  the 
difcharge,  the  card  was  conftantly  pierced 
clofe  to  the  extremity  of  the  wire  which  com¬ 
municated  with  the  negative  fide  of  the  jar, 

*  Abhandlung,  p.  •$,  &c. 
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as  if  the  eleftric  fluid,  milling  from  the  po- 
fitive  fide  of  the  jar  into  the  wire  which  com¬ 
municated  with  it,  and  iffuing  from  the  ex¬ 
tremity  of  it,  was  driven  by  its  own  impulfe 
along  the  furface  of  the  card,  and  did  not 
pierce  it,  till  it  came  oppofite  to  the  extremi¬ 
ty  of  the  other  wrire,  which  communicated 
with  the  negative  fide,  by  which  it  wTas 
ftrongly  attracted  % 

A  very  curious  and  elegant  experiment 
on  the  Leyden  phial  was  made  by  profeffor 
Richman  of  Peterfiburgh,  whofe  unfortunate 
death  will  be  related  in  this  hiftory. 

He  coated  both  fides  of  a  pane  of  glafs, 
within  two  or  three  inches  of  the  edge,  and 
fattened  linen  threads  to  the  upper  part  of  the 
coating,  on  both  fides ;  which,  when  the 
plate  was  not  charged,  hung  down  in  contact 
with' the  coating ;  but  fetting  the  plate  up¬ 
right,  and  charging  it,  he  obferved,  that  when 
neither  of  the  fides  was  touched  by  his  fin¬ 
ger,  or  any  other  conductor  communicating 
with  the  earth,  both  the  threads  were  repell¬ 
ed  from  the  coating,  and  flood  at  an  equal 
diftance  from  it ;  but  when  he  brought  his 
finger,  or  any  other  conductor,  to  one  of  the 
fides,  the  thread  hanging  to  that  fide  fell 
nearer  to  the  coating,  while  the  thread  op 
the  oppofite  fide  receded  as  much  ;  and  that 
when  his  finger  was  brought  into  contact 
with  one  of  the  fides,  the  thread  on  that  fide 
fell  into  contadj:  with  it  likewife,  while  the 


*  Diflertatio  Phyfica,  p.  24. 
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thread  on  the  oppofite  fide  receded  to  twice 
the  diftance  Al  which  it  hung  originally  ;  fo 
that  the  two  threads  always  hung  fo  as  to 
make  the  fame  angle  with  one  another 

jEpinus  ihows,  that  it  is  not  ftriCtly  true, 
that  an  infulated  perfon,  difcharging  the  Ley¬ 
den  phial  through  his  own  body,  contracts  no 
electricity.  Electrifying  a  large  plate  of  air, 
he  obferved,  that  if  the  nearer  plate,  (by 
which  I  fuppofe  he  means  that  which  he  firft 
touched)  was  eleCtrfiied  pofitively,  he  acquir¬ 
ed  a  pofitive  electricity  by  the  difcharge ;  but 
if  it  were  negative,  he  acquired  a  negative 
electricity.  He  fuppofes  that  the  reafon  why 
the  experiment  did  not  fucceed  with  Dr. 
Franklin,  was,  that  the  furfaces  with  which 

.4 

he  tried  the  experiment  were  not  large  enough 
to  make  the  effeCt  fenfible  ;  and  that  the  dif¬ 
tance  of  the  metal  plates  was,  likewife,  too’ 
final!,  as  it  neceffarily  muft  be  in  charging  of 
glafs  f . 

Mr.  Cigna  has  invented  a  new/  method  of 
charging  a  phial,  upon  the  principle  difcover- 
ed  by  Mr.  Canton  and  Mr.  Wilcke,  viz.  that 
the  electricity  of  one  body  repels  that  of  an¬ 
other,  especially  if  it  have  a  fiat  furface,  and  J 
gives  it  the  contrary  electricity. 

He  infulates  a  fmooth  plate  of  lead,  and 
while  he  brings  an  electrified  body,  as  a 
flocking,  to  it,  he  takes  a  fpark  with  the  wire 
of  a  phial  from  the  oppofite  fide ;  and  remov¬ 
ing  the  flocking,  he  takes  another  fpark  with 

'*  iEpini  Tentamen,  p,  335.  f  Ibid.  p.  27. 
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his  finger?  or  any  conductor  communicating 
with  the  ground.  Bringing  the  flocking 
nearer  the  plate  a  fecond  time?  he  takes  a 
fecond  fpark,  with  the  wire  of  the  phial,  as 
before ;  and,  removing  it  again,  takes  an¬ 
other,  in  the  fame  manner,  with  his  finger. 
This  operation  he  continues,  till  the  phial  is 
charged ;  which,  in  favourable  weather,  may 
be  done  with  very  little  diminution  of  the 
electricity  of  the  flocking  *. 

If,  inftead  of  taking  a  fecond  fpark  with 
his  finger,  he  had  taken  it  with  the  wire  of 
another  phial,  that  would  have  been  charged 
likewife,  with  no  additional  labour,  and  with 
an  electricity  oppofite  to  that  of  the  other 
phial.  If  the  fecond  fpark  were  taken  with 
the  coating  of  the  fame  phial,  the  charging 
wrould  be  accelerated,  but  the  operation  would 
be  troublefome  to  manage. 

The  theory  of  this  new  method  of  charg- 
ing  a  phial  is  very  eafy,  upon  the  principle 
referred  to  above.  The  approach  of  the  elec¬ 
tricity  in  the  flocking,  not  being  able  to  enter 
the  broad  fmooth  furface  of  the  metal,  drives 
the  eleCtric  fluid  out  of  that  part  of  the  plate 
which  is  oppofite  to  it,  to  the  other  fide, 
w'bich,  being  thereby  overcharged,  will  part 
with  its  fuperfluity  to  the  wire  of  the  phial. 
The  flocking  being  taken  away,  the  plate 
will  have  lefs  than  its  natural  flxare  of  the 
eledric  fluid,  and  will  therefore  readily  <take 

*  Memoirs  of  the  Academy  at  Turin  for  the  year  1765, 
P-  49* 
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a  fpark,  either  from  the  finger,  or  the  wirl 
of  another  phial 

The  fame  ingenious  philofopher  makes  a 
confiderable  difference  between  the  eledric 
fluid  which  gives  the  fhock,  and  that  on 
which  feme  other  phenomena  of  coated  glafs 
depend.  The  former,  which  is  far  the  greateft 
quantity,  he  fuppofes  to  refide,  either  in  the 
eoating  itfelf,  or  on  the  fiirface  of  the  glafs ; 
whereas  the  other,  he  imagines,  to  have  en¬ 
tered  the  pores,  and  affeCted  the  fubftance  of 
the  glafs  itfelf. 

He  laid  two  plates  of  glafs,  well  dried, 
one  upon  the  other,  as  one  piece ;  the  lower 
of  them  being  coated  on  the  outfide  ;  and, 
when  they  were  infulated,  he  alternately  rub¬ 
bed  the  uppermoft  plate  with  one  hand,  and 
took  a  fpark  from  the  coating  of  the  lower 
with  the  other,  till  they  were  charged ;  when 
the  coating,  and  both  the  plates  adhered 
firmly  together.  Giving  a  coating  to  the 
other  fide,  and  making  a  communication  be¬ 
tween  that  and  the  other  coating,  the  ufual 
explofion  was  made.  But -the  plates,  though 
thus  difeharged,  full  cohered ;  and  though, 
while  they  were  in  this  ftate,  they  fliowed  no 
other  fign  of  electricity  ;  yet,  when  they 
were  feparated,  they  were  each  of  them  found 
to  be  poffefled  of  an  eledricity  oppofite  to  that 
of  the  other. 

If  the  two  plates  were  feparated  before 
they  were  difeharged,  and  the  coating  of 

*  Memoirs  of  the  Academy  at  Turin  for  the  year  1765, 
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each  were  touched,  a  fpark  came  from  each ; 
and  when  put  together,  they  would  cohere  as 
before,  but  were  incapacitated  for  giving  a 
fliock  *. 

He,  therefore,  compares  the  eledricity 
which  gives  the  fliock  to  the  electricity  of  the 
metal  plate  in  the  former  experiment ;  which 
is  loft  with  taking  one  fpark,  as  the  filk  is  re¬ 
moved  from  it,  and  is  different  from  the  elec¬ 
tricity  by  which  the  two  plates  of  glafs  co¬ 
here.  The  one  is  difperfed  at  once,  but  the 
other  llowly ;  the  one  exifting,  as  he  fuppofes, 
in  the  conductors,  or  upon  the  furfaces  of 
the  eledrics,  and  the  other  in  the  fubftance 

itfelff. 

Among  experiments  relating  to  the  elec¬ 
tric  fhock,  we  ought  to  mention  what  has 
been  obferved  within  this  period  of  its  amaz¬ 
ing  force  in  melting  wires,  and  producing 
other  furpriiing  effects. 

That  even  artificial  eleCtricity,  fays  Dr. 
Watfon,  in  a  paper  read  at  the  Royal  Society 
June  28th,  1764,  when  in  too  great  a  quan¬ 
tity,  and  hurried  on  too  faft,  through  a  fine 
iron  wire,  has  a  remarkable  effeCt  upon  the 
wire,  appears  from  a  very  curious  experi¬ 
ment  of  Mr.  Kinnerfley.  This  gentleman, 
in  the  prefence  of  Dr.  Franklin,  made  a  large 
cafe  of  bottles  explode  at  once  through  a  fine 
iron  wire.  The  wire  at  firft  appeared  red 
hot,  and  then  fell  into  drops,  which  burned 

*  Memoirs  of  the  Academy  at  Turin  for  the  year  2765, 
p*  55.  f  Ibid,  p,  56. 
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themfelves  into  the  furface  of  his  table  or 
floor.  Thefe  drops  cooled  in  a  fpherical 
figure  like  very  fmall  {hot,  of  which  Dr. 
Franklin  tranfmitted  fome  to  Mr.  Canton*' 
who  repeated  the  experiment.  '  This  proves 
the  fufion  to  have  been  very  complete  ;  as  no¬ 
thing  lefs  than  the  mod  perfedt  fluidity  could 
,  give  this  figure  to  melted  iron. 

Mr.  Canton,  in  a  note  fubfcribed  to  the 
fame  paper,  obferves,  that  the  diameter  of  a 
piece  of  Mr.  KitmerfleyV  wire,  which  he  re¬ 
ceived  from  Dr.  Franklin,  was  one  paft  in 
182  of  an  inch.  Fie  adds,  that  artificial 
lightning,  from  a  cafe  of  thirty-five  bottles, 
would  entirely  deftroy  brafs  wire,  of  one  part 
•  in  330  of  an  inch.  At  the  time  of  the  broke, 
he  fays,  a  great  number  of  fparks,  like  thofe 
from  a  flint  and  flee!,  would  fly  upwards, 
and  laterally,  from  the  place  where  the  wire 
wras  laid,  and  lofe  their  light,  in  the  day-time, 
at  the  diftance  of  about  two  or  three  inches. 
After  the  explofion,  a  mark  appeared  on  the 
table,  the  whole  length  of  the  wire,  and  fome 
very  round  particles  of  brafs  were  difcovered 
by  a  magnifier  near  the  mark,  but  no  part  of 
’  the  wire  itfelf  could  be  found  A 

Sigktor  Beccaria  was  able  to  melt  fmall 
flips  of  metal,  without  inclofing,  or  covering 
them  with  pieces  of  glafs.  But  he  thought 
that  the  fame  colour  was  imprefled  upon  glafs 
by  all  the  metals ;  and  imagined  that  this 

i  •  *  .....  * 
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circumftance  was  a  trace  of  the  fundamental 
principles  being  the  fame  in  them  all  *. 

Mr.  Dal ib arb  obferved,  that,  when  a 
large  pane  of  glafs  difcharged  itfelf,  the  po™ 
lifh  was  taken  off  at  the  place  of  the  diff 
charge,  and  that  the  track  it  left  behind  it 
was  ufually,  as  he  expreffes  it,  in  the  zig 
xag  form.  With  the  piece  of  glafs  with 
which  he  made  thefe  difcharges  he  pierced 
160  leaves  of  paper.  It  contained  1200 
fquare  inches  j\ 

Mr.Wilcke  fays,  that,  if  a  fmall  piece 
of  metal  be  hung  in  a  fmall  filken  firing,  op- 
polite  to  .a  part  of  a  glafs  jar,  made  thin  for 
the  purpofe ;  upon  the  fpontaneous  difcharge 
through  that  place,  the  piece  of  metal  will 
be  driven  off  to  the  diftance  of  five  or  fix 
inches  t. 

Mr.  Winkler  fired  the  feeds  of  clubmofs 
(lycopodium)  by  difcharging  a  phial  through 
a  quantity  of  them.  He  alfo  fired  the  aurum 
fulminans  placed  upon  a  piece,  of  parch¬ 
ment,  which  was  torn  to  pieces  by  the  ex- 
plofion 

By  the  eiedric  fhock,  Signior  Beccaria could 
melt  borax  and  glafs.  But  the  moft  remark¬ 
able  of  his  experiments  with  the  eledric 
fhock  are  thofe  by  which  he  revivified  metals . 
This  he  did  by  making  the  explofion  between 
two  pieces  of  the  calces.  In  this  manner  he 

*E  lettricifmo  artificiale,  &c.  p.  134,  np 
l:  t  Hitfoire  abrigee,  p.  84 

J  Remarks  on  Franklin’s  Letters,  p.  266. 

%  Phil.  Tranf,  Voi.  xxxviii.  pt.  ii.  p.  773. 
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revivified  feveral  of  the  metals,  and  among 
others,  zink.  He  even  produced  real  quick- 
filver  from  cinnabar  In  this  cafe  of  revivi¬ 
fication,  he  always  obferved  flreaks  of  black 
beyond  the  coloured  metallic  Rains,  owing, 
as  he  imagined,  to  the  phlogifton  driven 
thither  from  the  parts  that  were  vitrified, 
when  the  other  part  revivified  the  calx*f\ 

Another  curious  experiment  he  made 
with  the  eledric  fhock,  by  difcharging  it 
through  fome  brafs  duft,  fprinkled  between 
two  plates  of  foaling- wax.  The  whole  was 
perfectly  luminous  and  tranfparent  p.  An  ex¬ 
periment  which  throws  fome  light  upon  one 
of  Mr.  Haukfbee’s. 

With  the  eledric  (hock  he  alfo  made  that 
capital  experiment,  on  which  he  lays  fo 
much  fcrefs  in  his  theory  of  thunder  ftorms* 
and  by  which  he  proves,  that  the  eledric 
matter  forces  into  its  paffage  all  light  con- 
duding  fubftances ;  by  means  of  which  it  is 
enabled  to  pafs  through  a  quantity  of  refitt¬ 
ing  medium,  which  it  could  not  otherwife 
do.  He  put  a  narrow  piece  of  leaf  filver  be¬ 
tween  two  plates  of  wax,  laying  it  acrofs  the 
plates,  but  fo  as  not  quite  to  reach  one  of  the 
fides.  The  difcharge  being  made  through 
this  ftrip  of  metal,  by  bringing  a  wire  oppo- 
fite  to  the  filver,  at  the  place  where  it  was 
difcontinued ;  the  filver  was  found  melted, 
and  part  of  it  difperfed  all  along  the  track  that 
the  eledric  matter  took,  between  the  plates 

*  Letteredell*  elettricifmo,  p.  28 2,  f  Ibid,  p,  255. 
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pf  wax,  from  the  filver  to  the  wire  d  An 
accident  gave  him  occafion  to  obferve  another 
fad:  of  a  fimilar  nature*  He  once,  inadver¬ 
tently,  received  the  charge  of  a  fmall  jar? 
through  fome  fmoke  of  fpirit  of  nitre ;  when 
a  hole  was  made  in  his  thumb,  where  the  Are 
entered ;  and  which  he  thought  could  only 
have  been  made  by  the  nitre,  which  was  car¬ 
ried  along  with  the  eledric  fluid  f . 

Violently  as  the  eledric  explofion  gene¬ 
rally  affeds  the  human  body,  we  have  ac¬ 
counts  of  fome  perfons  who  could  not  be 
made  to  feel  it;  particularly  three  or  four 
mentioned  by  Mr.  Mufchenbroeck,  among 
whom  was  a  young  woman  p.  I  have  a'lfo 
been  told,  that  this  was  the  cafe  with  a  per- 
fon  near  Leeds,  who  was  at  the  fame  time  a 
little  paralytic. 

I  shall  clofe  the  hiftory  of  the  Leyden 
phial  for  this  period  with  the  accounts  of 
fome  extremely  curious  fads,  which  Mr. 
Canton  gives  me  leave  to  publifh  relating  to 
this  lubjed.  They  certainly  deferve  the  utmoft 
attention  of  philofophers,  and  may  probably 
throw  fame  light  upon  the  eledricity  of  the 
tourmalin. 

He  procured  fome  thin  glafs  balls,  of 
about  an  inch  and  a  haif  in  diameter,  with 
Items  or  tubes  of  eight  or  nine  inches  'in. 
length,  and  eledrified  them,  fome  pofitively 
on  the  infide,  and  others  negatively,  after 
the  manner  of  charging  the  Leyden  phial, 

*  Lettere  dell’  elettrieifmo,  p.  248.  f  Ibid,  p,  249. 
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and  then  fealed  them  hermetically.  Soon 
after,  he  applied  the  naked  balls  to  his  elec-* 
trometer,  and  could  not  difcover  the  leaft  fign 
of  their  being  electrical  :  but  holding  them 
to  the  fire,  at  the  diftance  of  five  or  fix  inches, 
they  became  ftrongly  eledtrical,  in  a  very 
fiiort  time,  and  more  fo  when  they  were1 
cooling.  Thefe  balls  would,  every  time 
they  were  heated,  give  the  electric  fire  to,  or 
take  it  from  other  bodies,  according  to  the 
fins  or  minus  ftate  of  it  within  them.  Heat¬ 
ing  them  frequently,  he  found,  would  fenfi- 
bly  diminiih  their  power  ;  but  keeping  one  of  « 
them  under  water  a  week  did  not  appear  in 
the  leaft  to  impair  it.  That  wThich  he  kept 
under  water  was,  charged  the  22d  of  Septem¬ 
ber  1760,  was  feveral  times  heated  before  it 
was  kept  in  water,  and  had  been  heated  fre¬ 
quently  afterwards ;  and  yet  it  ftill  retained 
its  virtue  to  a  eonfiderable  degree,  on  the  31ft 
of  October  following,  when  he  fent  an  ac¬ 
count  of  it  to  Dr.  Franklin.  The  breaking 
two  of  his  balls  accidentally  gave  him  an  op¬ 
portunity  of  meafuring  their  thicknefs,  which 
he  found  to  be  between  feven  and  eight  parts 
in  1000  of  an  inch. 

The  halls  mention  in  the  account  above, 
which  was  written  fix  years  ago,  ftill  *  retain 
their  virtue,  but  in  a  lefs  degree. 

Mr.Lullin  alfo  found,  that  a  glafs  tube 
charged,  and  hermetically  fealed,  would  fhow 
figns  of  eledricity  when  it  was  heated  f. 

*  In  1769,  f  DifTertatio  Pfoylka,  p,  32, 
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.  ‘  *  ,  -  >  J  1  ,  :*  .  t/  -  4'  4 

'  *  /  ..s' 

Experiments  and  observations  con-< 

"  ■  cering  ELECTRIC  LIGHT. 

*  -f  *  ■*  .  '  -  '  i  *  '  ^ 

MY  reader  has  been  informed  of  the  ne- 
ceffity  I  was  under  of  dividing  the  bu- 
fmefs  of  this  period  of  my  hiftory  into  feve- 
ral  parts.  He  has  already  feen  titles  which 
lie  could  not  have  expeded  from  the  divifions 
of  the  preceding  periods,  but  he  would  per¬ 
haps  leaft  of  all  exped  a  diftind  fedion  upon 
eledric  light;  and  yet  the  experiments  and 
obfervations  which  have  been  made,  imme¬ 
diately  relating  to  this  fubjed,  are  fo  many, 
that  they  deferve  a  place  by  themfelves.  And 
I  would  rather  err  by  making  too  many  fub- 
divifions,  than  too  few;  becaufe,  above  all 
things,  I  would  wifh  to  preferve  perfpicuity, 
which  is  chiefly  injured  by  crowding  together 
things  diffimilar. 

Many  experiments  had  ’been  made  very 
early,  by  Mr.  Haukfbee  and  others,  on  elec¬ 
tricity,  and  particularly  eledric  light,  in  va¬ 
cuo  ;  but  fo  little  was,  at  that  time,  known 
of  the  nature  of  eledricity  in  general,  that, 
comparatively,  little  ufe  could  be  made  of 
thofe  experiments.  Very  fortunately,  Dr. 
Watfon  happened  to  turn  his  thoughts  that 
way,  after  the  great  difcovery  of  the  accumula¬ 
tion  of  eledricity  in  the  Leyden  phial ;  and  by 
this  means  he  difcovered,  that  our  atmofphere, 
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when  dry 3  is  the  agent  by  which,  +  with  the 
affiftance  of  other  electrics  per  fe,  we  were 
enabled  to  accumulate  eledricity  upon  non-* 
electrics  (he  might  have  added  eledrics  too), 
that  is,  to  communicate  to  them  a  greater 
quantity  of  eledricity  than  thofe  bodies  na¬ 
turally  have.  That  upon  the  removal  of  the 
air,  the  eledric  fluid  pervaded  the  vacuum  to 
a  comfiderable  diftance,  and  manifefted  its 
effeds  upon  any  non-eledric  Tubftances  by 
which  it  was  terminated. 

This  he  demonftrated  by  one  of  the  moft 
beautiful  experiments  which  the  whole  com- 
pafs  of  eledricity  yet  exhibits.  He  exhauft- 
ed  a  glafs  cylinder,  three  feet  in  length,  and 
three  inches  in  diameter,  with  a  contrivance 
to  let  down  a  brafs  plate,  as  far  as  he  pleaih 
ed,  into  it ;  in  order  to  make  it  approach 
another  plate,  .fixed  near  the  bottom  of  the 
veffel. 

This  cylinder,  thus  prepared,  he  infulat-* 
ed,  and  observed,  that  when  the  upper  plate 
was  eledrified,  the  eledric  matter  would  pafs 
from  one  plate  to  another,  at  the  greateft  dif¬ 
tance  to  which  the  brafs  plates  could  be  drawn  ; 
and  that  the  brafs  plate  at  the  bottom  of  the  cy¬ 
linder  was  ftrongly  eledrified,  as  if  a  wire  had 
conneded  it  with  the  prime  condudor.  If 
was  a  moft  delightful  fpedacle,  he  fays, 
when  the  room  was  darkened,  to  fee  the  elec¬ 
tric  matter  in  its  paffage  through  this  vacuum ; 
to  obferve,  not  as  in  the  open  air,  fmall 
bmfhes  or  pencils  of  rays,  an  inch  or  two  in 
length,  but  corufcations  of  the  whole  length 
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of  the  tube,  and  of  a  bright  (liver  hue.  Thefe 
did  not  immediately  diverge,  as  in  the. open, 
air,  but  frequently,  from  a  bafe  apparently 
flat,  divided  themfelves  into  lefs  and  lefs  ra¬ 
mifications,  and  refembled  very  much  the 
moft  lively  c.orufcations  of  the  aurora  bo¬ 
realis. 


Sometimes  he  obferved,  that  when  the 
tube  had  been  exhaufted  in  the  moft  perfect 
manner,  the  eleftric  fluid  was  feen  to  pafs 
between  the  brafs  plates  in  one  continued 
ftream,  of  the  fame  dimenfions  throughout 
its  whole  length ;  which  he  thought  demon- 
ftrated,  that  the  caufe  of  /that  very  powerful 
mutual  repulfion  of  the  particles  of  electric 
fire,  which  is  feen  in  the  open  air,  is  more 
owing  to  the  refiftance  of  the  air,  than  to  any 
natural  tendency  of  the  electricity  itfelf.  Tor, 
in  the  open  air  we  ohferve  that  thefe  brafhes, 
when  the  electricity  is  ftrong,  diverge  To 
much,  as  to  form  almoft  a  fpherical  figure 
He  made  this  vacuum  part  of  a  circuit  ne- 
ceffary  to  make  the  difcharge  of  a  phial ;  and, 
at  the  inftant  of  the  expiofion,  there  was  feen 
a  mafs  of  very  bright  embodied  fire,  jump¬ 
ing  from  one  of  the  brafs  plates  in  the  tube 
to  the  other.  But  this  did  not  take  place 
when  one  of  the  plates  was  farther  diftant 
from  the  other  than  ten  inches.  If  the  dis¬ 
tance  was  greater,  the  fire  began  to  diverge, 
and  lofe  part  of  its  force  :  and  this  force 
diminiihed  in  proportion  to  its  divergency, 


*  Phil.  Tranf,  Yoh  xlyii,  p.  367, 
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which  was  nearly  as  the  diftance  of  the  twa 

To  find  a  more  perfect  vacuum  for  the  paf- 
fage  of  the  eledxic  fluid,  he  had  recourfe  to 
an  excellent  invention  of  Lord  Charles  Ca~ 
vendifli ;  who,  by  means  of  a  long  bent  tube 
of  glafs,  filled  with  mercury,  and  inverted* 
made  all  the  bended  part  of  it  (which  was 
above  the  mercury)  the  rnoft  perfect  vacuum 
that  can  be  made.  This  vacuum  Dr.  Watfori 
infulated,  and  one  of  the  bafons  of  the  mer¬ 
cury  being  made  to  communicate  with  the  con¬ 
ductor,  when  feme  non-eleCtric  fubftance 
touched  the  other,  the  ele&ric  matter  pervad¬ 
ed  the  vacuum  in  a  continued  arch  of  lambent 
flame,  and,  as  far  as  the  eye  could  follow  it* 
without  the  leaft  divergency. 

Connecting  one  of  the  bafons  with  the 
machine,  which  was  infulated,  the  fire  was 
feen  pervading  the  vacuum  in  a  contrary  di¬ 
rection.  And  this  he  confidered  as  the  expe- 
rimentum  crucis  of  two  principles  which  he 
had  advanced  before,  viz.  that  electricity  is 
furniihed  to  the  conductor,  not  by  the  excit¬ 
ed  eledtric,  but  from  the  non-eleCtrics  in  con¬ 
tact  with  the  rubber  ;  and  that  we  are  able  to 
take  from,  or  add  to  that  quantity  of  elec¬ 
tricity,  which  is  naturally  inherent  in  bodies. 

He  alfo  obferved,  that  if,  in  the  fore- 
mentioned  circumftances,  the  hand  of  a  per- 
fon  ftanding  upon  the  floor  was  brought  near 
the  fide  of  the  glafs,  the  corufeations  would 
dart  themfelves  that  way  in  a  great  variety  of 
forms,  extremely  curious  to  behold. 


But 
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But  the  Doctor  found,  that  even  this  va¬ 
cuum  did  not  conduct  fo  perfectly  as  metals, 
or  water  ;  becaufe  a  perfon  {landing  upon  the 
floor,  and  applying  his  finger  to  the  upper 
brafs  plate,  received  a  frnart  flroke.  This  he 
conceived  to  arife  from  the  electricity  of  the 
brafs  being  fo  much  more  rarefied  than 
that  of  the  body  of  the  man  who  applied  his 
finger 

Mr.  Wilson  engaged  Mr.  Smeaton,  the 
inventor  of  a  new  and  more  perfect:  kind  of 
air-pump,  to  make  fome  electrical  experi¬ 
ments  in  vacuo.  The  following  is  the  ac¬ 
count  of  them  that  he  tranfmittCd  to  Mr.  Wil- 
fon.  They  are,  in  feveral  refpects,  fimilar 
to  thofe  made  by  Dr.  W atfon,  and  yet  are  at¬ 
tended  with  a  confiderable  variety  of  new  cir- 
cumftances. 

A  glass  veffel,  about  one  foot  in  length, 
and  eight  inches  in  its  greateft  diameter,  open 
at  both  ends,  had  one  of  its  ends  clofed  by  a 
brafs  ferule,  which  conftituted  one  of  the 
centers  on  which  it  turned  ;  the  other  end 
was  clofed  with  a  metal  plate.  In  the  center 
of  this  plate  was  a  fquare  ftem,  which  was 
applied  to  the  arbor  of  a  lath,  by  which  the 
glafs  was  turned  round.  On  one  fide  of  this 
laffc  plate  was  fixed  a  cork,  by  means  of 
which  the  glafs  was  fcrewed  upon  the  air- 
pump. 

Upon  rarefying  the  air  wfithin  the  glafs 
about  500  times,  and  afterwards  turning  the 

*  Phil,  Tranf.  Vol.  xlvii.  p.  373. 

glafs 


352  Mr.  SM  EATON  on 

glafs  in  the  lath,  whilft,  at  the  fame  time,  it 
was  rubbed  with  his  hand  5  a  confiderable 
quantity  of  lambent  flame,  variegated  with 
all  the  colours  of  the  rainbow,  appeared  with¬ 
in  this  glafs,  under  the  hand.  This  light 
was  pretty  fteady  in  every  refped,  except 
that  every  part  of  it  was  perpetually  chang¬ 
ing  colour. 

When  a  little  air  was  let  into  the  glafs,  the 
light  appeared  more  vivid,  and  in  a  greater 
quantity,  but  was  not  fo  fteady :  for  it  would 
frequently  break  out  into  a  kind  of  corufca- 
tions,  like  lightning,  and  fly  all  about  within 
the  glafs.  When  a  little  more  air  was  let  in, 
the  flaihing  was  continual,  and  ftreams  of 
blueifh  light  feemed  to  iffue  from  under  his 
fraud,  within  the  glafs,  in  a  thoufand  forms, 
with  great  rapidity  ;  and  appeared  like  a  caf- 
cade  of  fire.  Sometimes  it  feemed  to  flioot  out 
into  the  forms  of  trees,  mofs,  &c. 

v  i  •  ( 

When  more  air  was  let  in,  the  quantity 
of  light  was  diminifhed,  and  the  ftreams  com- 
pofing  the  flafties  narrower.  The  glafs  now 
required  a  greater  velocity,  and  harder  fric¬ 
tion.  Thefe  circumftances  increafed  as  more 
air  was  let  in ;  fo  that,  by  fuch  time  as  the 
glafs  was  one  third  full  of  air,  thefe  corufca- 
tions  quite  vanifhed,  and  a  much  fmaller 
quantity  of  light  appeared  partly  within,  and 
partly  without  the  glafs.  And  when  all  the 
air  was  let  in,  the  light  appeared  wholly  with¬ 
out  the  glafs,  and  much  lefs  in  quantity  than 
when  the  glafs  was  in  part  exhaufted  *, 

*  Wilton's  Efiay,  p,  216. 
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Mr.  Canton,  in  repeating  Dr.  Watfon’s 
experiment  with  the  Torricellian  vacuum,  ob- 
ferved  one  circumftance  attending  it,  which 
throws  great  light  upon  the  Leyden  phial. 
He  obferved,  that  when  the  excited  tube  was 
brought  near  one  of  the  bafons  of  this  machine 
(infulated)  a  light  was  feen  through  more  than 
half  of  the  vacuum ;  which  foon  vanifhed,  if 
the  tube  was  not  brought  nearer,  but  which 
appeared  again  as  it  moved  farther  off ;  and 
that  this  appearance  might  be  repeated  fe- 
veral  times,  without  exciting  the  tube  a~ 
frefh. 

This  experiment  he  confidered  as  a  kind  of 
ocular  demonftration  of  the  truth  of  Dr.  Frank¬ 
lin’s  hypothefis,  that  when  the  eledric  fluid 
was  condenfed  on  one  fide  of  the  glafs,  it  was 
repelled  from  the  other,  if  it  met  with  no  re- 
fiftance.  Thus,  at  the  approach  of  the  excit*- 
ed  tube,  he  fuppofed  the  fire  to  be  repelled 
from  the  infide  of  the  glafs  furrounding  the 
vacuum,  and  to  be  carried  off  through  the  co¬ 
lumns  of  mercury,  but  to  return  again  as  the 
tube  was  withdrawn  *. 

This  curious  experiment  Mr.  Canton,  as 
he  informed  me,  ihowed  and  explained  to 
Mr.  Wilfon;  who  afterwards  expatiated  up¬ 
on  it,  in  a  book  publifhed  by  him  and  Dr. 
Hoadley  in  conjundion,  intitled  Obfervations 

•  1 

r  *  Phil.  Tranf.  Vol.  xlviii,  pt.  r.  p.  356.  It  has  been  feen 
p.  9 q,  that  this  obfervation,  of  the  return  of  the  eledtric  light 
in  vacuo,  was  made  before  the  difcoveiy  of  the  Leyden  phial 
by  Mr.  Grummert  of  Biala  in  Poland  ;  but  this  was  unknown 
both  to  Dr.  Watfon  and  Mr.  Canton, 
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on  a  Series  of  Eleffirical  Experiments  ;  in  a 
note  of  which,  p.  28,  he  fays,  “  Mr.  Can- 
<c  ton  has  taken  notice  of  this  vanifhing  and 
u  returning  of  the  light.” 

Mr.  Canton  has  fince  diverfified  this 
beautiful  experiment,  by  bringing  the  excit¬ 
ed  tube  to  another  glafs  tube,  exhaufted,  and 
hermetically  fealed ;  by  which  means  he  ex¬ 
hibits  the  perfect  appearance  of  an  aurora 
borealis.  The  flame  from  one  of  its  extremi¬ 
ties,  which  is  in  a  manner  coated  by  the  hand 
which  holds  it,  will  dart  to  the  other  extre- 
mity,  at  uncertain  intervals  of  time,  for  near 
a  quarter  of  an  hour  together,  without  re¬ 
peating  the  application  of  the  excited  tube. 

When  it  was  generally  agreed  among  elec¬ 
tricians,  that  what  had  been  called  vitreous 
and  refinous  electricity  were  in  reality  a  re¬ 
dundancy  of  the  eleCtric  fluid  in  one  cafe,  and 
a  deficiency  in  the  other ;  and  when,  in  con- 
fequence  of  this  fuppofition,  the  one  was  call¬ 
ed  pofitive,  and  the  other  negative  electrici¬ 
ty  ;  there  ftill  remained  fome  doubt  which  of 
the  two  was  pofitive,  and  which  negative. 
Mr.  Wilfon,  in  a  paper  read  at  the  Royal  So¬ 
ciety,  December  the  6th,  1759,  recites  an  ex¬ 
periment  which,  he  thought,  put  the  matter 
beyond  all  difpute,  and  abfolutely  determin¬ 
ed,  that  what  had  been  called  vitreous  was 
really  pofitive,  and  what  had  been  called  re¬ 
finous  was  negative ;  as,  indeed,  had  gene¬ 
rally  been  fuppofed,  though,  as  Mr.  Wilfon 
thought,  without  fufikient  reafon,  riotwith- 
ftanding  what  had  been  advanced  by  Dr. 

Franklin, 
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Franklin,  and  Mr.  Canton  upon  that  fub- 
je£n 

Repeating  the  beautiful  experiment  men- 
tioned  before,  as  firft  contrived  by  Lord 
Charles  Cavendifh,  he  fays  he  attended  to  a 
circumftance  which  feemed  to  have  been  over¬ 
looked  by  Dr.  Watfon,  who  publiflied  the 
account  of  it.  This  was  a  .lingular  appear¬ 
ance  of  light  upon  one  of  the  fiirfaces  of  the 
quick  filver.  To  obferve  this  remarkable  ap¬ 
pearance  to  more  advantage,  Mr.  Wilfon  let 
a  finall  quantity  of  air  into  the  tube,  by  which 
means  four  columns  of  quicklilver  were  ob¬ 
tained,  and  confequently  fix  vifible  furfaces, 
in  one  of  the  legs  of  the  inverted  tube.  He 
then  electrified  the  mercury  in  the  other  leg, 
while  the  mercury  on  the  oppofite  fide  had  a 
communication  with  the  earth,  when,  the 
room  being  dark,  the  ftream  of  electric  light 
was  vifible  through  the  whole  length  of  the 
vacuum,  and  its  general  appearance  was  of  a 
feeming  uniform  denfity ;  except  at  the  rp«^ 
per  fiirfaces  of  each  column,  where  about  one 
tenth  of  an  inch  above  the  furface,  the  light 
was  always  confiderably  brighter ;  whereas 
the  under  fiirfaces  exhibited  no  fuch  ap¬ 
pearance,  the  light  being  rather  lets  bright  in 
th'ofe  places  than  in  the  general  appearance  of 
the  whole  illuminated  vacuum; 

This  luminous  appearance  Mr.  Wilfon 
afcribed  to  the  refiftance  the  fluid  met  with  at 
the  upper  furface  of  the  quicklilver,  in  en¬ 
deavouring  to  get  into  it.  He  therefore  in¬ 
ferred  that  excited  gtafs  electrified  bodies  po- 
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fitively,  or  gave  them  a  greater  quantity  of  the 
ele&ric  fluid  than  they  had. 

Electrifying,  in  the  fame  place,  with 
a  cylinder  of  rolm,  inftead  of  glafs,  the  lumi¬ 
nous  appearances  were  all  on  the  under  fur- 
faces  of  the  columns  of  quickfilver ;  from 
which  he  inferred,  that  rofm  electrified  bodies 
negatively,  depriving  them  of  part  of  the  elec¬ 
tric  fluid  which  they  naturally  had ;  or,  as  he 
exprefles  it,  occafioning  a  current  of  eleCtric 
fluid  to  fet  the  contrary  way. 

These  luminous  appearances,  Mr.  Wilfon 
alfo  confidered,  as  a  ftrong  confirmation  of 
the  exiftence  of  a  medium ,  at  or  near  the  fur- 
faces  of  bodies,  which  hindered  the  entrance 
or  exit  of  the  eleCtric  fluid.  A  doCtrine  which 
Mr.  Wilfon  had  advanced,  and  laid  great  ftrefc 
upon  on  feveral  other  occafions  *. 

The  arguments  which  to  Mr.  Wilfon  ap¬ 
peared  conclufive,  in  proof  of  what  is  com¬ 
monly  fuppofed,  that  glafs  electrifies  plus9 
and  fulphiir,  &c.  minus ,  did  not  appear  fo  to 
Mr.  iEpinus ;  though  he  acknowledges  that 
the  knobs  of  light  in  the  vacuum  did,  in  com¬ 
mon  with  many  other  appearances,  prove  a 
real  difference  between  the  two  electricities  ; 
and  thought  that  it  was  very  eafy  to  conceive, 
that  when  an  elaftic  fluid  ifiues  from  a  body, 
it  fhouid  be  denfer  near  the  furface  from 
whence  it  ifiues,  than  where  it  finds  more  li¬ 
berty  to  expand  itfelf.  He  might  have  add¬ 
ed,  that  this  might  have  been  expeCted,  from 

*  Phil.  Tranf,  Yol,  li.  pt.  i.  p.  308. 
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the  mutual  attraction  which  is  fuppofed  to 
fubfift  between  the  electric  fluid,  and  other 
bodies.  But  iEpinus  did  not  exprefsly  men¬ 
tion  this  circumftance  Mr.  Wilfon,  there- 
fore,  makes  light  of  the  objection  ;  and  adds, 
that  when  he  related  the  experiment  with  the 
bent  tube,  in  his  letter  to  Dr,  Heberden,  he 
omitted  feme  phenomena  attending  the  faCt* 
which  greatly  favoured  the  doCtrine  he  ad¬ 
vanced.  If,  fays  he,  when  glafs  is  electrified, 
and  applied  to  the  fir  ft  column,  we  fuffer  the 
eleCtric  fluid  to  pafs  along  the  tube  in  fmall 
quantities  only,  and  at  fhort  intervals,  little 
luminous  ftreams  will  be  feen  to  move  from 
the  firft  to  the  fecond  column  of  quickfilver, 
and  confequently  from  the  glafs.  The  like 
appearances  happen,  but  in  a  contrary  direc¬ 
tion,  when  rofin  or  amber  is  made  ufe  of,  and 
applied  to  the  fame  column.  Glafs,  there¬ 
fore,  he  concludes,  electrifies  plus ,  or  fills 
bodies  with  more  of  this  fluid  than  belongs 
to  them  naturally,  and  rofin,  &c.  minus  *. 

This  controverfy  took  its  rife,  in  fome  mea- 
fure,  from  a  deception  :  for  Mr.  Canton  in¬ 
forms  me,  and  gives  me  leave  to  inform  the 
public,  that  the  light  which  Mr.  Wilfon  takes 
notice  of,  as  appearing  on  one  furface  of  the 
mercury  in  the  double  barometer  of  Lord 
Charles  Cavendifh,  and  which  Mr..  Wilfon 
takes  to  be  a  proof  of  the  exiftence  of  a  me¬ 
dium  on  the  furface  of  bodies,  which  hinders 
the  entrance  or  exit  of  the  eleCtric  fluid  to 

.1  %  / 

*  Phil.  Tranf.  VoL  liii.  p.  438,  p.  441. 
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fome  degree,  he  found  to  be  caufed  by  no- 
thing  but  common  air.  For  if  the  Torricel¬ 
lian  vacuum  be  properly  made,  no  difference 
of  light  can  be  feen  on  the  furfaces  of  the 
columns  of  mercury  ;  but  if  as  much  air  be 
let  into  the  vacuum,  as  will  make  each  co~ 
lurnn  of  mercury  a  quarter  of  an  inch  fhorter 
than  that  of  a  good  barometer,  the  light  will 
appear  as  Mr.  Wilfon  has  defcribed  it.  When 
Mr.  Wilfon  fuppofed  that  Dr.  Watfon,  when 
he  made  the  experiment  of  the  Torricellian 
vacuum,  did  not  attend  to  the  lingular  ap¬ 
pearance  of  light  on  one  of  the  furfaces  of 
the  mercury,  he  little  fufpeded  that  if  the  va¬ 
cuum  Dr.  Watfon  made  was  free  from  air, 
there  was  no  fuch  lingular  appearance  of  light 
to  be  attended  to.  Air,  Mr.  Canton  adds, 
inuft  be  condenfed  near,  the  furface  of  all  bo¬ 
dies  that  attract  it ;  and  will,  therefore,  be 
fome  hindrance  to  the  exit,  or  entrance  of  the 
eledric  fluid,  except  the  bodies  be  very  Iharp- 
ly  pointed.  '• 

Some  curious  obfervations  relating  to  elec¬ 
tric  light  were  made  by  Mr.  Wilcke.  Rub¬ 
bing  two  pieces  of  glafs  together  in  the  dark, 
he  obferved  a  vivid  phofphoreal  light :  which, 
however,  threw  out  no  rays,  but  adhered  to 
the  place  where  it  was  excited.  It  was  at¬ 
tended  with  a  ftrong  phofphoreal  fmell,  but 
with  no  attraction  or  repulfion.  From  this 
experiment  he  inferred,  that  fridion  alone 
would  not  excite  cledricity,  fo  as  to  be  ac¬ 
cumulated  upon  any  body ;  and  that  to  pro¬ 
duce  this  effed,  the  bodies  rubbed  together 
'  ;  ’  ''A  \  “  mult 
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muft  be  of  different  natures,  with  refpeCt  to 
their  attracting  the  eleCtric  fluid.  He,  more¬ 
over,  imagined,  that  all  examples  of  phoi- 
phoreal  light,  without  attraction,  were  owing 
to  the  fame  excitation  of  electricity,  without 
the  accumulation  of  it.  Such  he  imagined  to 
be  the  cafe  of  light  emitted  by  the  Bolognian 
ftone,  cadmea  fornacum,  rotten  wood,  pound¬ 
ed  fugar,  and  glafs  of  all  kinds  *. 

A  tube  excited  with  a  woollen  cloth,  on 
which  white  wax  or  oil  had  been  put,  he  fays, 
threw  out  flames  ;  each  of  which  when  exa¬ 
mined,  appeared  to  rife  out  of  a  little  protu¬ 
berance  of  fire.  The  flame  was  one,  and 
very  narrow  at  the  bottom,  but  farther  from 
the  tube  it  divided  into  feveral  ramifications  ; 
which  always  leaned  to  thofe  parts  of  the 
tube  which  were  the  leaf!;  excited,  or  to  con¬ 
ductors  in  the  neighbourhood  7. 

He  fays  that,  upon  prefenting  a  finger  or 
other  non-eleCtric  to  an  excited  negative  elec¬ 
tric,  a  cone  of  light  is  formed  ;  the  bafe  of 
which  is  at  the  finger,  or  other  non-eleCtric, 
and  the  apex  at  the  eleCtric,  on  the  furface  of 
which  it  fpreads  to  a  confiderable  diftance  all 
round  7. 

Sometimes,  he  had  feen  fiery  particles 
thrown  laterally  from  an  irregular  eleCtric 
fpark,  which  fhone  like  ftars,  and  were  very 
like  thofe  which  are  produced  by  the  collifion 
of  flint  and  fteel 

*  Wilcke,  p.  123,  124.  f  Ibid.  p.  125. 

%  Ibid,  p.  127.  §  Ibid.  p.  130. 
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Suspending  various  balls  from  his  con¬ 
ductor,  and  prefenting  others  to  them,  which 
were  fometimes  of  glafs  and  fometimes  of 
metal,  and  varying  them  in  every  manner 
poffible,  he  always  found  (except  when  two 
metal  balls  were  ufed)  that  the  light  between 
them  formed  a  cone,  the  bafe  of  which  was 
always  on  the  body  which  was  pofitive,  and 
the  apex  on  that  which  was  negative.  He 
fays  that  this  criterion  is  fufficient  to  diftin- 
guilh  the  two  electricities  from  one  am* 
other. 

He  obferves  that,  at  the  apex  of  a  cone 
i {filing  from  pointed  bodies,  electrified  pofi- 
tively,  there  js  a  cylindrical  fpark,  out  of 
which  lucid  rays,  like  a  river,  are  darted. 
Thefe  rays,  he  fays,  form  a  lucid  cone,  the 
apex  of  which  is  turned  towards  the  point 
from  which  the  fire  proceeds.  Sometimes 
from  the  apex,  or  at  fome  diftance  from  it, 
there  is  a  lucid  point,  which,  he  fays,  Hau- 
fenius  calls  the  fire  of  the  fecond  kind ,  out  of 
which  flew  ftreams  of  fire.  The  ftreams 
never  iffue  from  the  electrified  body  itfelf,  but 
always  from  this  lucid  point.  He  fays, 
moreover,  that  this  lucid  point  at  the  extre¬ 
mity  of  an  electrified  body,  and  which  throws 
out  lucid  rays,  forms  the  diftinCtive  character 
of  the  pofitive  cone  *. 

A  negative  cone,  he  fays,  is  fmall,  con- 
fifling  of  very  {lender  filaments,  which  imme¬ 
diately  adhere  to  the  point  at  which  the  light 

•  Wilcke,  p.  132. 
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enters,  or  to  its  Tides ;  and,  if  accurately  ex¬ 
amined,  feems  to  form  little  cones,  the  bafes 
of  which  reft  upon  the  body. 

When  he  afterwards  comes  to  confider  the 
caufe  of  negative  cones  of  light,  he  owns 
himfelf  to  be  at  a  great  lofs  how  to  do  it. 

Mr.  Wilcke  put  Englifli  phofphorus  up¬ 
on  a  pointed  body,  which,  in  the  dark,  ren¬ 
dered  the  whole  viiible;  and  when  he  fufpend- 
ed  this  pointed  body  perpendicularly,  the 
phofphoreal  vapours  were  feen  to  afcend ;  but 
upon  electrifying  it,  as  it  hung  in  the  fame 
direction,  the  vapours  were  carried  down¬ 
wards,  and  formed  a  very  long  cone,  extend¬ 
ing  out  of  the  middle  of  the  cone  of  eleCtric 
light,  which  was  feen  perfectly  diftinCt  from, 
it.  When  the  electrification  was  difcontinued, 
the  phofphoreal  vapour  alcended  as  at  firft. 
From  this  depreffion  of  the  phofphoreal  efflu¬ 
via  Mr,  Wilcke  infers  the  efflux  of  the  elec¬ 
tric  fluid  from  the  point,  and  upon  the  fur- 
face,  and  not  only  through  the  fubftance  of 
the  pointed  body.  It  is  pity  that  he  did  not 
try  this  curious  experiment  with  pointed' bo¬ 
dies  eledrified  negatively.  He  would  certain¬ 
ly  have  found  the  fame  depreffion  of  the 
phofphoreal  effluvia,  and  would,  probably, 
have  retraded  his  conclufion  concerning  this 
proof  of  the  efflux 

Mr.  Wilcke  alfo  thought  it  to  be  a  proof, 
that  the  eleCtric  matter  did  not  only  flow  out 
of  the  fubftance  of  electrified  bodies,  but  up- 

*  Wilcke,  p.  134. 
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©n  the  furface  of  them,  that  a  metallic  ring,  pro¬ 
jecting  ever  fo  little  beyond  the  point  of  a  wire 
on  which  it  had  been  put,  prevents  the  appear¬ 
ance  of  the  lucid  point. 

The  laft  obfervation  which  I  fhall  recite  of 
Mr.  Wilcke  concerning  eleCtric  light  is,  that 
if  a  point  not  electrified  be  oppofed  to  a  point 
electrified  pofitively,  the  cones  of  light, 
which,  in  other  circumftances,  would  appear 
upon  both  of  them,  difappear ;  but  that  if  a 
pofitive  cone  be  oppofed  to  a  negative  cone, 
they  both  preferve  their  own  charaCteriftic  pro¬ 
perties^. 

Signior  Beccaria  was  of  opinion,  that 
the  direction  of  the  eleCtric  fluid  may  be  de¬ 
termined  from  the  phenomena  of  pointed 
bodies.  The  pencil  (by  which  he  means  the 
eleCtric  fire  at  a  point  electrified  pofitively)  he 
fays,  contracts  as  it  approaches  a  flat  piece  of 
metal  not  electrified;  whereas  the  Jiar  (by 
which  he  means  the  eleCtric  fire  at  a  point 
electrified  negatively)  expands  in  the  fame  cir¬ 
cumftances,  and  has  a  fmall  cavity  near  the 
point  towards  the  large  fuperficies.  The  pen¬ 
cil  is  attended  with  a  fnapping  noife,  the  ftar 
makes  little  or  no  noife.  He  hardly  gives  any 
reafon  for  the  firft  of  thefe  phenomena  ;  he 
only  fays,  that  fuch  is  the  neceflary  confe- 
quence  of  a  fluid  ifluing  out  of,  or  entering 
into  a  point.  But  the  greater  noife  made  by 
the  pencil,  he  thought  wras  made  by  the  im- 
pulfe  given  by  the  eleCtric  matter  to  the  air. 


*  Wilcke,  p.  140. 
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caufmg  it  to  vibrate :  and  this  mud  be  greater 
when  the  fluid  is  thrown  from  the  point  into 
the  air,  than  when  it  comes  through  diffe¬ 
rent  portions  of  the  air,  and  meets  in  one 
point  w 

When  two  points  are  oppofed  to  one  an¬ 
other,  he  fays,  the  phenomena  are  much  the 
fame  in  both  f. 

Signiqr  Beccaria  obferved  that  hollqw 
glafs  veffels,  of  a  certain  thinnefs,  exhaufted 
of  air,  gave  a  light  when  they  were  broken  in 
the  dark.  By  a  beautiful  train  of  experi¬ 
ments,  he  found,  at  length,  that  the  luminous 
appearance  was  not  occafioned  by  the  breaking 
of  the  glafs,  but  by  the  dafhing  of  the  exter¬ 
nal  air  agai  11ft  the  infide,  when  it  was  broke. 
He  covered  one  of  thefe  exhaufted  veffels  with 
a  receiver,  and  letting  the  air  fuddenlyon  the 
outfide  of  it,  obferved  the  very  fame  light. 
This  he  calls  his  new  invented phofphor us 

This  excellent  philofopher  produced  a  moft 
beautiful  appearance  of  eleCtric  light  in  the 
following  manner.  He  conveyed  pofitive 
electricity  to  a  brafs  ball,  fufpended  by  a  wire, 
within  an  exhaufted  receiver,  when,  upon 
prefenting  to  it  another  ball  in  vacuo ,  the 
lower  hemifphere  of  the  former  was  moft: 
beautifully  illuminated,  with  a  vifible  eleCtric 
atmofphere.  When  he  conveyed  negative 
electricity  to  the  ball,  the  fame  beautiful  illu¬ 
mination  was  obferved  on  the  ball  prefented  to 
it.  This  experiment,  he  fays,  is  a  very  deli— 

*  Elettricifmo  artificiale,  p.  63.  f  Ibid, 
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cate  one,  requiring  great  patience  and  dexte¬ 
rity,  in  adjufting  the  diftances,  &c.  in  order 
to  make  it  fucceed  perfectly 

That  eledric  light  is  more  fubtle  and  pe¬ 
netrating,  if  one  may  fay  fo,  than  light  pro¬ 
duced  in  any  other  way  is  manifeft  from  fe« 
veral  experiments,  particularly  the  remark¬ 
able  one  of  Mr.  Haukfbee ;  but  none  prove 
it  fo  clearly  as  fome  made  by  the  ingenious 
Mr.  Lane,  who  gives  me  leave  to  mention 
thefe. 

WriEN  he  had,  for  fome  different  purpofe, 
made  the  eledric  fhock  pais  over  the  furface 
of  a  piece  of  marble,  in  the  dark ;  he  obferv- 
ed,  that  the  part  over  which  the  fire  had  paff- 
ed  was  luminous,  and  retained  that  appear¬ 
ance  for  fome  time.  No  fuch  effed  of  the 
eledric  fhock  having  ever  been  obferved  be¬ 
fore,  he  repeated  the  experiment  with  a  great 
variety  of  circumftances,  and  fout^d  it  always 
anfwered  with  all  calcarious  fubftances,  whether 
animal  or  mineral,  and  efpecially  if  they  had 
been  burnt  into  lime.  And,  as  far  as  he  had 
tried,  many  more  fubftances  would  retain  this 
light  than  would  not  do  it ;  among  others  fe** 
veral  vegetable  fubftances  would  do  it,  parti¬ 
cularly  white  paper.  Tiles  and  brick  were  lu¬ 
minous,  but  not  tobacco-pipe  clay,  though 
well  burnt. 

That  gypfeous  fubftances,  when  calcin¬ 
ed,  were  luminous,  appeared  from  bits  of 

*  Phil.  TranC  Vol.  Ivi.  p.  107. 


7 


images 


ELECTRIC  LIGHT.  395 

images  made  of  plaifter  of  Paris  ;  and  of  this 
clafs,  he  fays,  is  the  famous  Bolognian  ftone. 
But  many  bodies,  he  found,  were  luminous 
after  the  electric  ftroke,  which  were  not  ap¬ 
parently  fo,  when  expofed  to  the  rays  of  the 
fun. 

He  made  thefe  curious  experiments  by 
placing  the  chains,  or  wires  that  led  from  the 
condudor  to  the  outward  coating  of  his  jar* 
within  one,  two,  or  three  inches  (according  to 
the  ftrength  of  the  charge)  from  one  another, 
on  the  furface  of  the  body  to  be  tried,  and 
difcharging  a  ihock  through  them.  If  the 
ftone  was  thin,  he  found,  that  if  one  chain 
was  placed  at  the  top,  and  the  other  at  the 
bottom,  it  would  appear  luminous  on  both 
fides  after  the  explofion. 

Mr.  Canton,  to  whom  thefe  experiments, 
were  communicated,  clearly  proved,  that  it 
was  the  light  only  that  the  fuhftances  retain¬ 
ed,  and  nothing  peculiar  to  eledricity ;  and, 
moreover,  after  frequent  trials,  difcovered  a 
compofition,  which  retains  both  common 
light,  and  that  of  eledricity,  much  more 
ftrongly  than  either  the  Bolognian  done,  or 
any  other  known  fubflance  whatever.  With 
this  new  pholphorus  he  makes  a  great  num¬ 
ber  of  moft  beautiful  experiments.  .The  flafh 
made  by  the  difcharge  of  a  common  jar, 
within  an  inch  of  a  circular  piece  of  it,  of 
about  two  inches  and  a  half  in  diameter,  will 
illuminate  it  fo  much,  that  the  figures  on  a 
watch  plate  may  be  eafily  diftinguifhed  by  it 
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* 

in  a  darkened  room,  and  ft  will  retain  the 
light  half  an  hour  *. 

I  shall  clofe  this  fedion  of  experiments 
and  obfervations  on  eledric  light,  with  an  ac¬ 
count  of  a  remarkable  appearance  which  oc¬ 
curred  to  Mr.  Hartman.  When  he  had  been 
.making  experiments  four  or  five  hours  to¬ 
gether,  in  a  fmall  room,  and  after  going  out 
of  it,  returned  foon,  with  a  lighted  candle  in 
his  hand,  walking  pretty  fwiftly ;  he  per¬ 
ceived  a  fmall  flame  to  follow  him,  at  the 
diftance  of  about  a  ftep  and  a  half,  but  it  va- 
niflied  when  he  flopped  to  examine  it.  He 
was  a  good  deal  alarmed  at  the  appearance  at 
firft,  but  afterwards  imagined  it  to  be  occa- 
fioned  by  the  afcenfion  of  the  fulphur,  which 
had  been  thrown  into  the  air  by  the  violent 
continued  electrification  f. 

•;  » 

*  See  a  particular  account  of"  this  compofition,  and  experi¬ 
ments  with  it,  in  my  HiJIory  of  Difcoveries  relating  to  Vifion? 
light,  and  Colours  f  p.  371. 

f  Abhandlung,  p,  133. 
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SECTION  IX. 

The  electricity  of  the  TOURMALIN. 

*  ;*  t  ’  ''.7  •  v  *\  '' 

THIS  period  of  my  hiftory  furnifhes  an 
entirely  new  fubjedt  of  eledtrical  in¬ 
quiries  ;  which,  if  properly  purfued,  may 
throw  great  light  upon  the  mo  ft  general  pro¬ 
perties  of  eledtricity.  This  is  the  "Tourmalin  : 
though,  it  mu  ft  be  acknowledged,  the  expe¬ 
riments  which  have  hitherto  been  made  upon 
this  foffil  ftand  like  exceptions  to  all  that  was 
before  known  of  the  fubjedt. 

The  tourmalin,  as  Dr.  Watfon  fuppofes, 
was  known  to  the  antients  under  the  name  of 
the  lyncurium .  All  that  Theophraftus  fays 
concerning  the  lyncurium  agrees  with  the 
tourmalin,  and  with  no  other  foffil  that  we 
are  acquainted  with.  He  fays,  that  it  was 
ufed  for  feals,  that  it  was  very  hard,  that  it  was 
endued  with  an  attracting  power  like  amber, 
aiffi  that  it  was  laid,  particularly  by  Diodes, 
to  attract  not  only  ftraws,  and  fmal-1  pieces  of 
wood,  but  alfo  copper  and  iron,  if  beaten  very 
thin ;  that  it  was  pellucid,  of  a  deep  red  co¬ 
lour,  and  required  no  fmall  labour  to  polifh. 
it.  The  account  which  paffed  current  among 
the  ancients  concerning  the  origin  of  this 
ftone  was  fabulous,  which  made  Pliny 
think  that  all  that  was  faid  of  it  was  fa¬ 
bulous  too. 
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This  ftone,  though  not  much  attended  to 
by  European  philofophers,  till  very  lately,  is 
common  in  feveral  parts  of  the  Eaft  Indies, 
and  more  particularly  in  the  ifland  of  Ceylon, 
where  it  is  called  by  the  natives  tournamaL 
In  this  ifland  the  Dutch  became  acquainted 
with  it,  and  by  them  it  is  called  afchentrikker , 
from  its  property  of  attra&ing  allies,  when  it 
is  thrown  into  the  fire. 

The  firft  account  we  have  had,  of  late 
years,  concerning  this  extraordinary  ftone  is  in 
the  Hiftory  of  the  Royal  Academy  of  Sciences 
at  Paris  for  the  year  1717;  where  we  are  told, 
that  Mr.  Lemerv  exhibited  a  ftone,  which  was 

4 

not  common,  and  came  from  Ceylon.  This 
ftone,  he  faid,  attradled  and  repelled  fmall 
light  bodies,  fuch  as  afhes,  filings  of  iron, 
bits  of  paper,  &c. 

Linnaeus,  in  his  Flora  Zeylonica,  men¬ 
tions  this  ftone  under  the  name  of  lapis  eleffiri-* 
€.us ,  and  takes  notice  of  Mr.  Lemery’s  expe¬ 
riments. 

Notwithstanding  this,  no  farther  men¬ 
tion  was  made  of  this  ftone  and  its  effe&s  till 

/ 

fome  years  after  ;  when  the  Due  De  Noya,  in 
his  letter  to  Mr.  Buffon,  prefented  to  the 
Royal  Society,  informed  us,  that  when  he 
was  at  Naples,  in  the  year  1743,  the  Count 
Pichetti,  fecretary  to  the  king,  aflured  him, 
that,  during  his  ftay  at  Conftantinople,  he 
had  feen  a  fmall  ftone  called  'tourmalin ,  which 
attracted  and  repelled  afhes.  This  account  the 
Due  De  Noya  had  quite  forgotten,  but  being 
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in  Uolland  in  the  year  1758,  he  faw,  and 
purchafed  two  of  thofe  hones.  With  thefe, 
in  company  with  Meflrs.  Daubenton  and 
Adamfon,  he  made  a  great  number  of  expe¬ 
riments,  of  which  he  favoured  the  public  with 
a  particular  account  *. 

But  prior  to  the  Due  De  Noya’s  experi¬ 
ments,  Mr.  Lechman  had  acquainted  Mr. 
iEpinus  with  the  attractive  power  of  the  tour¬ 
malin,  and  furnifhed  him  with  two  of  them, 
on  which  he  made  many  experiments  ;  the  re- 
fult  of  which  he  publiihed  in  the  Hiftory  of 
the  Academy  of  Sciences  and  Belles  Lettres  at 
Berlin  for  the  year  1756.  The  fubftance  of 
the  memoir  is  as  follows.  ' 

The  tourmalin  has  always,  at  the  fame 
time,  a  pofitive  and  a  negative  electricity  ; 
one  of  its  tides  being  in  one  ftate,  and  the 
other  in  the  oppofite  ;  and  this  does  not  de¬ 
pend  on  the  external  form  of  the  ftone.  Thefe 
electricities  he  could  excite  in  the  ftrongefl 
degree,  by  plunging  the  ftone  in  boiling- 
water. 

♦ 

If  one  fide  of  the  tourmalin  be  heated 
more  than  the  other  (as  if  it  be  laid  upon  a 
hot  cake  of  metal)  each  of  the  fides  acquire  an 
1  eleCtricity  oppofite  to  that  which  is  natural  to 
i  it;  but  if  left  to  itfelf,  it  will  return  to  its 
natural  ftate. 

If  one  of  the  fides  of  the  tourmalin  be  rub¬ 
bed,  while  the  other  is  in  contaCt  with  fome 
:  conductor  communicating  with  the  ground ; 

*  Phil.  Tranf,  VoL  li  pt.  i.  p.  396. 
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the  rubbed  fide  is  always  pofitive,  and  the 
other  negative.  If  neither  fide  be  in  contact 
with  a  condudor,  both  become  pofitive.  If, 
in  the  former  of  thefe  cafes,  the  tourmalin  be 
rubbed,  fo  as  to  acquire  a  fenfible  heat,  and 
the  fide  which  is  naturally  pofitive  be  made 
negative,  it  will  upon  ftanding  to  cool,  re¬ 
turn  to  its  natural  ftate  ;  but  if  it  have  acquir¬ 
ed  no  fenfible  heat,  it  will  not  return  to  its 
natural  ftate  while  any  kind  of  eledricity  re¬ 
mains.  If  it  be  heated,  even  when  it  is  rub¬ 
bed  and  infulated,,  (in  which  cafe  both  fades 
become  pofitive)  it  will  ftill  return  to  its  na¬ 
tural  ftate  upon  cooling. 

The  Due  De  Noya  mentions  thefe  experi¬ 
ments  of  Mr.  iEpinus,  but  does  not  admit  of 
a  plus  and  minus  eledricity  belonging  to  the 
tourmalin  when  heated.  On  the  contrary,  he 
fays,  that  both  the  fides  are  eledrified  plus , 
but  one  of  them  more  than  the  other,  and 
that  it  was  the  difference  between  thofe  de¬ 
grees  which  led  Mr.  iEpinus  into  his  mif- 
take  *. 

The  tourmalin  was  introduced  to  the  no¬ 
tice  of  the  Englifh  philofophers  by  Dr.  Heber- 
den,  who  fortunately  recolleding  to  have  feen 
one  of  them,  many  years  before,  in  the  pof- 
feffion  of  Dr.  Sharp  at  Cambridge  (and  it  was 
the  only  one  known  in  England  at  that  time) 
procured  it  for  Mr.  Wilfon ;  who,  though  it 
was  but  a  fmall  one,  repeated  with  it  moil  of 
the  experiments  of  Mr.  iEpinus,  fo  far  as  to 

*  Phil,  Tranf.  Vol.  Ivii.  pt.  i.  p.  3 i  £. 
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fatisfy  himfelf  that  his  opinion  of  its  pofitive 
and  negative  power  was  well  founded. 

Afterwards,  Dr.  Heberden,  ever  defirous 
of  extending  the  bounds  of  fcience,  procured 
fome  of  thefe  ftones  from  Holland,  and  put 
them  into  the  hands  of  thofe  perfons  who 
were  likely  to  make  the  beft  ufe  of  them, 
particularly  Mr.  Wilfon  and  Mr.  Canton ;  in 
whofe  hands  they  were  not  lodged  in  vain,  as 
will  appear  by  the  brief  account  I  ihall  fub- 
join  of  their  experiments  upon  them. 

Mr.  Wilson’s  obfervations  are  too  many, 
and  too  particular  to  be  all  inferted  in  this 
work.  The  refult  of  them  was,  in  the  main, 
the  fame  with  that  of  Mr.  iEpinus,  e ft abl idl¬ 
ing  the  opinion  of  the  two  diff  erent  powers  of 
this  ftone ;  but,  contrary  to  Mr.  iEpinus,  he 
afferts,  that  when  the  hides  of  the  tourmalin 
are  unequally  heated,  it  exhibits  that  fpecies 
of  electricity  which  is  natural  to  the  hotter 
fide,  that  is,  the  tourmalin  is  plus  on  both 
fides,  when  the  plus  fide  is  the  hotter ;  and 
minus  on  both  fides,  when  the  minus  fide  is  the 
hotter. 

Upon  this  Mr.  iEpinus  repeated  all  his  for¬ 
mer  experiments,  and  ftill  found  the  refult  of 
them  agreeable  to  his  former  conclufioo,  and 
contrary  to  that  of  Mr.  Wilfon.  Mr.  Wilfon 
alfo  repeated  his,  wdthout  any  variation  in  the 
event,  and  imagined  the  difference  between 
him  and  Mr.  iEpinus  might  arife  from  the 
different  fizes  of  the  tourmalins  they  made 
ufe  of,  or  from  their  different  manner  of  mak¬ 
ing  the  experiments.  And  it  is  evident,  from 
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the  defcription  of  both  their  apparatufes,  that 
of  Mr  Wilfon  was  much  better  calculated  for 
the  purpofe  of  accurate  experiments  than  that 
of  Mr  fEpintis.  Mr.  Wilfon  alio  ufed  a 
greater  variety  of  methods  of  communicating 
heat  to  his  tourmalins.  He  both  plunged  them 
in  boiling  water,  held  them  to  the  flame  of  a 
candle,  and  expofed  them  to  heated  infulated 
defines  M 

Though  the  detail  of  all  Mr.  Wilfon’s  ex¬ 
periments  would  be,  as  I  obferved  before, 
much  too  long  for  my  purpofe,  I  cannot  help 
relating  one  of  them,  which  was  made  with 
the  laft  mentioned  method  of  treating.  He 
heated  one  end  of  a  glafs  tube  red-hot,  and 
when  he  had  expofed  what  both  he  and  Mir. 
iEpinus  call  the  negative  fide  of  the  tourma¬ 
lin  to  it;  he  obferved  that  about  three  inches 
of  the  heated  part  of  the  glafs  were  eled  rifled 
minu.  y  though  the  glafs  beyond  that  was  elec- 
trifled  plus,  and  continued  fo  even  after  the 
glafs.  was  cold,  the  electric  fluid  having  palled 
from  the  tourmalin  to  the  glafs ;  fmee  thefe 
were  the  fame  appearances  that  were  pro¬ 
duced  by  prefenting  an  excited  tube  to  the 
heated  glafs. 

Hr  then  applied  the  plus  fide  of  the  tour¬ 
malin  to  the  fame  heated  glafs,  and  found  that 
the  tube  was  electrified  minus ^  above  a  foot  in 
length,  without  the  leaf!:  appearance  of  diplus 
electricity  beyond  the  minus  one,  as  in  the 
other  experiment ;  and  this  minus  eledricity 
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appeared  when  the  tube  was  nearly  cold  In 
this  cafe  he  judged  that  the  electric  fluid  had 
patted  from  the  glafs  to  the  tourmalin. 

Mr.  Wilson  imagined  that  the  tourmalin, 
as  well  as  glafs,  was  permeable  to  the  elec¬ 
tric  fluid,  and  that  the  refiftance  to  its  enter¬ 
ing  the  fubftance  of  it  was  left  on  what  he 
calls  the  negative  than  on  the  pofitive  fide. 
Thefe  conclufions  he  drew  from  the  two  fol¬ 
lowing  experiments.  Rubbing  the  pofitive 
fide  of  the  ftone  flightly,  he  found  both  fides 
ole&rified  plus^  but  rubbing  the  negative  fide 
in  the  fame  manner,  both  fides  were  electrified 
plus  more  ftrongly  than  before  *. 

Several  experiments  led  Mr.  Wilfdn  to 
conclude  that  the  tourmalin  refitted  the  exit 
and  entrance  of  the  eledlric  fluid  confiderabiy 
lefs  than  glafs,  or  even  than  amber  ;  and  upon 
the  whole  he  infers,  that  the  tourmalin  dif¬ 
fers  in  nothing  from  other  electric  bodies  but 
in  acquiring  electricity  by  heat  f. 

Examining  a  great  number  of  tourmalins, 
he  found  that  a  line  drawn  from  the  plus 
part,  through  the  center  of  the  ftone,  would 
always  pafs  through  the  minus  part. 

Almost  all  thefe  tourmalins  he  greafed 
over,  and  whilft  they  were  warm  enough  to 
preferve  the  greafe  liquid,  he  tried  each  tour¬ 
malin  feparately,  but  found  no  alteration  in 
the  virtue  of  the  ftone,  except  that  it  w7as  a 
little  weakened ;  though  it  is  well  known,  he 
fays,  that  moifture  of  any  fort  readily  conducts 

*  Phil.  Tranf.  Vol.  li.  pt.  i.  p.  327. 

Bb  3 


f  Ibid.  p.  329. 

the 


374  Mr.  WILSON  on 

the  eleCtric  fluid.  If,  therefore,  the  tour¬ 
malin  had  not  a  fixed  kind  of  electricity,  the 
■plus  and  minus  electricity,  obfervable  on  the 
two  fides  of  the  ftone,  mu  ft,  by  this  treat¬ 
ment,  have  united  and  deftroyed  each  other. 
From  this  circumftance  Mr.  Wilfon  conclud¬ 
ed,  that  the  tourmalin  buffered  the  eleCtric 
fluid  to  pafs  through  it  only  in  one  direction, 
and  that  in  this  it  bore  fome  analogy  to  the 
loadftone  ;  having,  as  it  were,  two  eleCtric 
poles,  which  are  not  eafily  deftroyed  or  alter¬ 
ed  *.  But  he  was  not  aware  how  imperfeCt 
a  conductor  oil  or  greafe  of  any  kind  is. 

This  induced  him  to  try  whether,  like  the 
loadftone,  the  tourmalin  would  lofe  its  vir¬ 
tue  after  being  made  red-hot ;  but,  though  he 
kept  two  of  them  in  a  ftrong  fire  for  half  an 
hour,  he  could  not  perceive  the  leaft  altera¬ 
tion  in  them :  but  plunging  one  in  water, 
while  it  was  red-hot  entirely  deftroyed  its 
virtue,  and  gave  it  the  appearance  of  having 
been  fhivered  in  many  parts  without  break¬ 
ing  f .  He  obferves  that  when  a  tourmalin, 
which  he  had  from  Dr.  Morton,  was  held  be¬ 
tween  the  eye  and  the  light,  and  viewed  in 
the  direction  through  which  the  eleCtric  fluid 
is  found  to  pafs,  it  appears  of  a  darker  colour 
confiderable  than  when  it  is  viewed  at  right 
angles  to  the  former  direction.  This  appear¬ 
ance,  he  fays,  obtains  in  many  other  tourma¬ 
lins,  efpecially  when  they  happen  to  be  as 
conveniently  fhaped 

#  Phil  Tranf.  Vo!,  li.  pt.  i.  p.  337,  338. 
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Notwithstanding  the  attention  given 
to  this  fubjeCt  by  Mr.  iEpinus  and  Mr.  Wil- 
fon,  the  moft  important  difcovery  relating  to 
the  electricity  of  the  tourmalin  was  referved 
for  Mr.  Canton ;  who,  in  a  paper  read  at  the 
Royal  Society  in  the  fame  month  with  that 
above-mentioned  of  Mr.  Wilton,  viz.  Decem¬ 
ber  1759?  obferves,  that  the  tourmalin  emits 
and  abforbs  the  ele&ric  fluid  only  by  the  in- 
creafe  or  diminution  of  its  heat.  For  if  the 
tourmalin,  he  fays,  be  placed  on  a  plain  piece 
of  heated  glafs  or  metal,  fo  that  each  fide  of 
it,  by  being  perpendicular  to  the  furface  of 
the  heated  body,  may  be  equally  heated  ;  it 
will,  while  heating,  have  the  electricity  of 
one  of  its  fides  pofitive,  and  that  of  the  other 
negative.  This  will,  likewife,  be  the  cafe 
when  it  is  taken  out  of  boiling  water  and  fuf- 
fered  to  cool ;  but  the  fide  which  was  pofitive 
while  it  was  heating  will  be  negative  while  ix 
is  cooling,  and  the  fide  which  was  negative 
will  be  pofitive. 

In  this  paper  Mr.  Canton  refers  to  the  Gen¬ 
tleman’s  Magazine  for  the  month  of  Septem¬ 
ber  before,  in  which  he  had  publifhed  the  re¬ 
fill  t  of  fome  experiments  he  had  made  on  a 
tourmalin  which  he  had  procured  from  Hol¬ 
land.  The  propofitions  he  there  lays  down 
are  fo  few,  and  comprife  the  principal  part  of 
what  is  known  upon  this  fubjeCt  in  fo  concife 
and  elegant  a  manner,  that  I  fhall  recite  them 
all  in  this  place. 

1.  When  the  tourmalin  is  not  electrical  or 
attractive,  heating  it,  without  friction,  will 
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make  it  fo ;  and  the  electricity  of  one  fide 
of  it  (diftinguifhed  by  A)  will  be  pofitive, 
and  that  of  the  other  fide  (B)  will  be  ne- 
gative. 

2.  The  tourmalin  not  being  eleQrical  will 
become  fo  by  cooling ;  but  with  this  differ¬ 
ence,  that  the  fide  A  will  be  negative,  and 
the  fide  B  pofitive. 

3.  If  the  tourmalin,  in  a  non-elefl rical 
ftate,  be  heated,  and  buffered  to  cool  again, 
without  either  of  its  fides  being  touched ;  A 
will  be  pofitive,  and  B  negative,  the  whole 
time  of  the  increafe  and  decreafe  of  its  heat. 

4.  Esther  fide  of  the  tourmalin  will  be 
pofitive  by  fridtion,  and  both  may  be  made  fo 
at  the  fame  time. 

ThE'E,  fays  he,  are  the  principal  laws  of 
the  electricity  of  this  wonderful  flone ;  and 
he  adds,  if  air  be  fuppofed  to  be  endued  with 
fimilar  properties,  i.  e.  of  becoming  eledtri- 
cal  by  the  increafe  or  diminution  of  its  heat 
(as  is  probable,  if  its  ftate  before  and  after  a 
thunder  ftorm  be  attended  to)  thunder  clouds 
both  pofitive  and  negative,  as  well  as  thunder 
gufts,  may  eafily  be  account  for. 

Th.es  capital  difcoveries  were  made  before 
Mr  Canton  had  received  of  Dr.  Heberden  the 
tourmalins  above  mentioned.  When  thofe 
came  to  his  hands  he  was  enabled  to  make  fe¬ 
ver  al  new  and  curious  experiments,  which  I 
have  leave  to  publifh. 

Hf  put  one  of  the  tourmalins,  which  was 
of  the  common  colour  into  the  flame  from  a 
blow-pipe  and  burnt  it  white;  when  he  found 
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that  its  eledrical  property  was  intirely  de¬ 
stroyed.  The  eledricity  of  another  was  only 
in  part  deftroyed  by  the  fire.  Two  other 
tourmalins  he  joined  together,  when  they 
were  made  foft  by  fire,  without  deftroying 
their  eledrical  property.  The  virtue  of  an¬ 
other  was  improved  by  its  being  melted  at 
one  end ;  and  he  found  (contrary  to  what 
Mr.  Wilfon  had  obferved  of  another  tourma¬ 
lin,  which  he  treated  in  the  fame  manner) 
that  one  tourmalin  retained  its  eledrical  pro¬ 
perty  after  it  had  been  frequently  made  red- 
hot,  and,  in  that  ftate,  put  into  cold  water. 

But  the  moft  curious  of  his  experiments 
were  made  upon  a  large  irregular  tourmalin, 
about  haif  an  inch  in  length,  which  he  cut 
into  three  pieces ;  taking  one  part  from  the 
pofitive,  and  another  from  the  negative  end. 
Trying  thefe  pieces  feparately,  he  found  the 
outer  fide  of  the  piece  which  he  cut  from  the 
end  that  was  negative  when  cooling  was  like- 
wife  negative  when  cooling,  and  that  the 
outer  fide  of  that  piece  which  was  cut  from 
the  end  that  was  pofitive  when  cooling  was 
like  wife  pofitive  when  cooling  ;  the  oppofite 
fides  of  both  pieces  being,  agreeable  to  the  ge¬ 
neral  law  of  the  eledricity  of  the  tourmalin, 
in  a  contrary  ftate. 

The  middle  part  of  the  fame  tourmalin  was 
affeded  juft  as  it  had  been  when  it  was  in¬ 
tire;  the  pofitive  end  remained  pofitive,  and 
the  negative  end  continued  negative.  The 
fame  he  had  alfo  obferved  of  two  other  tour¬ 
malins, 
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malms',  each  about  the  fize  of  this,  which 
were  alfo  cut  out  of  a  large  one. 

On  January  the  8th,  1762,  Mr.  Canton 
took  the  Do&or’s  large  tourmalin  (which  Mr. 
Wilfon  has  given  a  defcription  of  in  the  fifty- 
lirft  volume  of  the  Philofcphical  Tranfadtions, 
p.  5  16.)  and  having  placed  a  fmall  tin  cup  of 
boiling-water  on  one  end  of  his  electrometer, 
which  was  fupported  by  warm  glafs,  while 
the  pith  balls  were  fufpended  at  the  other  end; 
he  dropped  it  into  the  water,  and  obferved, 
that  during  the  whole  time  of  its  being  heat¬ 
ed,  and  alfo  while  it  was  cooling  in  the  wa¬ 
ter,  the  balls  were  not  at  all  electrified. 

Till  the  year  1760  it  had  been  fuppofed, 
that,  of  all  eleftric  fubftances,  the  tourmalin 
alone  poffeffed  the  property  of  being  excited 
by  heating  and  cooling  ;  but  in  the  beginning 
of  that  year,  Mr.  Canton  having  had  an  op¬ 
portunity  of  examining  a  variety  of  gems,  by 
the  favour  of  Mr.  Nicolas  Crifp  a  jeweller  in 
Bow  Church-yard,  firft  found  the  Brazil 
topaz  to  have  the  electrical  properties  of  the 
tourmalin.  The  largeft  he  met  with  he  put 
into  the  hands  of  Dr.  Heberden,  who  re¬ 
turned  it  November  the  27th,  1760,  and 

fent  with  it  the  tourmalins  above  men¬ 
tioned. 

In  September  1761,  Mr.  Wilfon  (who  had 
been  informed  of  Mr.  Canton’s  difcovery)  met 
with  feveral  other  gems,  of  different  fizes  and 
colours,  that  refembled  the  tourmalin  with 
refpe£t  to  eleftrical  experiments.  The  moft 
beautiful  of  them  were  fomething  like  the 
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ruby,  others  were  more  pale,  and  one  inclin¬ 
ing  to  an  orange  colour.  In  point  of  hard- 
nefs  and  luftre,  they  were  nearly  the  fame 
with  the  topaz. 

From  all  his  experiments  upon  thefe  gems 
he  thought  it  was  abundantly  evident,  that 
the  direction  of  the  fluid  did  not  depend  upon 
the  external  figure  of  the  gem,  but  upon  fome 
particular  internal  make  and  conftitution  of 
it.  And  that  there  is  fome  fuch  natural  dis¬ 
position  in  all  gems  affording  thefe  appear¬ 
ances  may  be  collected,  he  fays,  from  another 
curious  fpecimen  of  the  tourmalin  kind,  which 
is  green,  and  formed  of  long  flender  cryftals 
with  feverals  fides;  many  of  which  are  found 
flicking  together,  and  are  brought  from  South 
America. 

These  gems,  numbers  of  which  were  fur- 
niflied  him  by  Mr.  Emanuel  Mendes  Da 
Cofta,  he  not  only  found  to  be  like  the  tour¬ 
malin  with  refpeCt  to  electric  appearances; 
but  that  the  direction  of  the  ele&ric  fluid 
moving  therein  wras  always  along  the  grain  or 
Ihootings  of  the  cryftals,  one  end  of  it  being 
electrified  plus ,  and  the  other  end  minus .  And 
that  the  fluid  is  more  difpofed  to  pafs  in  that 
direction  than  in  another,  he  thought,  might 
be  farther  collected  from  what  has  been  o fi¬ 
fe  rved  on  the  grain  of  the  loadftone  by  Dr. 
Knight ;  who  found  that  though  the  magne¬ 
tic  poles  of  the  natural  loadftone  might  be 
varied  in  any  direction,  yet  that  the  fame  load¬ 
ftone  admitted  of  being  made  much  more  mag- 
netical  along  the  grain  than  acrofs  it. 
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From  thefe  experiments  and  obfervations 
Mr.  Wilfon  inferred  by  analogy,  that  the 
electric  fluid,  flowing  through  all  thefe  ftones 
and  gems,  moves  in  that  direction  in  wThich 
the  grain  happens  to  lie ;  and  that  the  reafon 
of  this  is,  that  the  refiftance  which  the  fluid 
meets  with  in  palling  through  the  gem  is  lefs 
in  that  direction  than  in  any  other 

In  a  fubfequent  paper  of  Mr.  Wilfon’s,  read 
at  the  Royal  Society  December  the  23d,  1763, 
and  March  1764,  he  recites  feveral  curious 
experiments  on  the  effects  of  removing  the 
tourmalin  from  one  room  to  another,  in 
which  there  was  fome  difference  of  heat ;  the 
refult  of  which  exactly  confirms  Mr.  Canton’s 
difcovery,  that  the  fide  which  ispofitive  when 
heating  is  negative  when  cooling,  and  vice 
verfa .  Upon  a  very  nice  examination,  and 
during  fome  favourable  circumftances,  Mr. 
Wilfon  fays  he  has  obferved  the  tourmalin  to 
be  feebly  electrified,  when  the  thermometer 
varied  up  and  down  only  one  degree 
... .  .  .  1  y 

*  Phil.  Tranf.  Vol.  lii.  pt.  ii,  p,  443. 
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SECTION  X. 

Discoveries  that  have  been  made  since 
those  of  Dr.  FRANKLIN,  with  re- 

SPFXT  TO  THE  SAMENESS  OF  LIGHTNING 
AND  ELECTRICITY. 

THE  year  1752  makes  an  aera  in  elec¬ 
tricity  no  lefs  famous  than  the  year 
1746,  in  which  the  Leyden  phial  was  difco- 
vered.  In  the  year  1752,  was  verified  the 
hypothecs  of  Dr.  Franklin,  of  the  identity  of 
the  matter  of  lightning  and  of  the  eledric 
fluid  ;  and  his  great  project  of  trying  the  ex¬ 
periment  by  real  lightning  a&ually  brought 
down  from  the  clouds,  was  carried  into  exe¬ 
cution. 

The  French  philofophers  were  the  firft  to 
diftinguiih  themfelves  upon  this  memorable 
occaiion,  and  the  moft  adtive  perfons  in  the 
fcene  were  Mr.  Dalibard  and  Delor,  both 
zealous  partifans  (as  Mr.  Nollet  calls  them)  of 
Dr.  Franklin.  The  former  prepared  his  ap¬ 
paratus  at  Marly  La  Vijle,  fituated  five  or  fix; 
leagues  from  Paris,  the  other  at  his  own 
houfe,  on  fome  of  the  higheft  ground  in  that 
capital.  Mr.  Dalibard's  machine  confifted  of 
an  iron  rod  forty  feet  long,  the  lower  extre¬ 
mity  of  which  was  brought  into  a  centry  box, 
where  the  rain  could  not  come ;  while,  on 
the  outfide,  it  was  fattened  to  three  wooden 
polls  by  long  Aiken  firings  defended  from  the 

rain. 
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rian.  This  machine  happened  to  be  the  firft 
that  was  favoured  with  a  vifit  from  this  ethe¬ 
real  fire.  The  philofopher  himfelf  happened 
not  to  be  at  home  at  that  time  ;  but,  in  his 
abfence,  he  entrufted  the  care  of  his  apparatus 
to  one  Coiffier  a  joiner,  a  man  who  had  ferved 
fourteen  years  among  the  dragoons,  and  on 
whofe  understanding  and  courage  he  could  de¬ 
pend.  This  artifan  had  all  proper  inftruc- 
tions  given  him,  both  how  to  make  obferva- 
tions,  and  alfo  to  guard  himfelf  from  any 
harm  there  might  be  from  them ;  befides  be¬ 
ing  exprefsly  ordered  to  get  fome  of  his  neigh¬ 
bours  to  be  prefent,  and  particularly  to  fend 
for  the  curate  of  Marly,  whenever  there  fhould 
be  any  appearance  of  the  approach  of  a  thun¬ 
der  ftorm.  At  length  the  long  expe&ed  event 

arrived. 

'  ■ 

On  Wednefday  the  lothof  May  1752,  be¬ 
tween  two  and  three  o’clock  in  the  afternoon, 
Coiffier  heard  a  pretty  loud  clap  of  thunder. 
Immediately  he  flies  to  the  machine,  takes  a 
phial  furnifhed  with  a  brafs  wire,  and  pre¬ 
senting  one  end  of  the  wire  to  the  rod,  he  fees 
a  fmall  bright  fpark  iffue  from  it,  and  hears 
the  Snapping  that  it  made.  Taking  a  fecond 
fpark  ftronger  than  the  former,  and  attended 
"with  a  louder  report,  he  calls  his  neighbours, 
and  fends  for  the  curate.  The  curate  runs 
with  all  his  might,  and  the  parifhioners,  fee¬ 
ing  the  precipitation  of  their  fpiritual  guide, 
imagine  that  poor  Coiffier  had  been  killed  with 
lightning.  The  alarm  fpreads  through  the  vil¬ 
lage,  and  the  hail  which  came  on  did  not  pre¬ 
vent 
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Tent  the  flock  from  following  their  fliepherd. 
The  honeft  ecclefiaftic  arriving  at  the  machine, 
and  feeing  there  was  no  danger,  took  the  wire 
into  his  own  hand,  and  immediately  drew  fe¬ 
ver  a!  ftrong  fparks,  which  were  moft, evident¬ 
ly  of  an  electrical  nature,  and  completed  the 
difcovery  for  which  the  machine  was 
ereCted. 

The  thunder  cloud  was  not  n^ore  than  a 
quarter  of  an  hour  in  p ailing  over  the  zenith 
of  the  machine,  and  there  was  no  thunder 
heard  befides  that  Angle  clap.  As  foon  as  the 
ftorm  was  over,  and  no  more  fparks  could  be 
drawn  from  the  bar,  the  curate  wrote  a  letter 
to  Mr.  Dalibard,  containing  an  account  of  this 
remarkable  experiment,  and  fent  it  immediate¬ 
ly  by  the  hands  of  Coiffier  himfelf. 

He  fays,  that  he  drew  fparks  from  the  bar 
of  a  blue  colour,  an  inch  and  a  half  in  length, 
and  which  fmelled  ftrong  of  fulphur.  He  re¬ 
peated  the  experiment  at  Jeaft  Ax  times  in  the 
fpace  of  about  four  minutes,  in  the  prefence 
of  many  perfons,  each  experiment  taking  up 
the  time,  as  he,  in  the  ftile  of  a  prieft  ex- 
prefles  himfelf,  of  a  pater  and  an  ave.  In 
the  courfe  of  thefe  experiments  he  received 
a  ftroke  on  his  arm,  a  little  above  the  elbow, 
but  he  could  not  tell  whether  it  came  from  the 
brafs  wireinferted  into  the  phial,  or  from  the 
iron  bar.  He  did  not  attend  to  the  ftroke  at 
the  time  he  received  it,  but,  the  pain  con¬ 
tinuing,  he  uncovered  his  arm  when  he  went 
home,  in  the  prefence  of  Coiffier  ;  and  a  mark 
was  perceived  round  his  arm,  fuch  as  might 
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have  been  made  by  a  blow  with  the  wire  oil 
his  naked  fkin  ; .  and  afterwards  feveral  per- 
fons,  who  knew  nothing  of  what  had  hap¬ 
pened,  laid  that  they  perceived  afmell  of  fill- 
phur  when  he  came  near  them. 

Coxffxer  told  Mr.  Dalibard,  that  for  about 
a  quarter  of  an  hour  before  the  curate  arrived, 
he  had,  in  the  prefence  of  five  or  fix  perfons, 
taken  much  ftronger  fparks  than  thofe  which 
the  curate  mentioned 

Eight  days  after,  Mr.  Delor  faw  the  fame 
thing  at  his  own  houfe,  although  only  a  cloud 
palled  over,  without  either  thunder  or  light¬ 
ning  f . 

The  fame  experiments  were  afterwards  re¬ 
peated  by  Mr.  Delor,  at  the  requeft  of  the 
king  of  France,  who,  it  is  faid,  faw  them 
with  the  greateft  fatisfadtion,  and  exprefied  a 
juft  fenfe  of  the  merit  of  Dr.  Franklin.  Thefe 
applaufes  of  the  king  excited  in  Mr.  De  Euf- 
fon,  Dalibard,  and  Delor,  a  defire  of  verify¬ 
ing  Dr.  Franklin’s  hypothefis  more  complete¬ 
ly,  and  of  purfuing  his  fpeculations  upon  the 
fubjedt. 

Mr.  Delor’s  apparatus  in  Paris  confifted 
of  a  bar  of  iron  ninety-nine  feet  high,  and 
anfwerecl  rather  better  than  that  of  Mr.  Dali¬ 
bard,  which,  as  was  obferved  before,  was  on¬ 
ly  forty  feet  high.  But  as  the  quantity  of 
eledtricity  which  they  could  procure  from  the 
clouds,  in  thefe  firft  experiments,  was  but 
fmall,  they  added  to  this  apparatus  what  they 

i  '  /  .  • 

*  Dalibard’s  Franklin,  Vol.  ii.  p.  109,  &c. 

f  Nollet’s  Leueis,  Vok  i.  p,  9. 
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tailed  a  magazine  of  eleflrrlcity'5tconi'ifting  of 
many  bars  of  iron  inful-ated,  and  communis 
eating  with  the  pointed  iron  rod.  This  ma^ 
gazine  contained  more  of  the  ele&ric  matter* 
and  gave  a  more  fenfible  fpark*  upon  the  ap^ 
proaci\of  the  huger  than  the  pointed 'bar.  ■> 

A  Magazine  of  this  kind.  Mr  Mazeai 
had  in  an  upper  room  of  his  houfe,  into  which 
he  brought  the  lightning*  by  means  of  a 
wooden  pole  projecting  out  of  his  window,  at 
the  extremity  of  which  a  glafs  tube*  filled 
■with  rofrn,  received  a  pointed  iron  rod,  twelve 
feet  long.  But  all  this  while  the  eleChics* 
which  they  made  ufe  of  to  fupport  thefe  iron 
rods*  were  too  much  expofed  to  the  open 
air*  and  confequently  were  liable  to  be  wet* 
which  would  infallibly  defeat  their  experi¬ 
ments. 

The  moft  accurate  experiments*  ffii.de  with 
thefe  imperfeCt  inflruments*  where  thole  of 
Mr,  Monnier,  He  was  convinced  that  the 
high  fituation  in  which  the  bar  of  iron  had 
commonly  been  placed  was  not  abfolutely  ne^ 
"ceffary  for  this  purpofe :  for  he  obferved  a 
common  fpeaking-trumpet*  fufpended  upon 
filk  five  or  fix  feet  from  the  ground,  to  exhi¬ 
bit  very  evident  figns  of  electricity.  He  alfo 
found  that  a  man  placed  upon  cakes  of  rcfin* 
and  holding  in  his  hand  a  wooden  pole*  about 
eighteen  feet  long*  about  which  an  iron  wire 
was  twilled*  was  fo  well  electrified  when  it 
thundered,  that  very  lively  fparks  were 
drawn  from  him ;  and  that  another  man* 
handing  upon  non-eleCtrics,  in  the  middle  of 
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a  garden,  and  only  holding  up  one  of  his 
hands  in  the  air,  attracted,  with  the  other 
hand,  {havings  of  wood  which  were  held  to 
him. 

Hk  fays,  that  he  obferved  a  continual  di¬ 
minution  of  the  electricity  when  the  rain 
came  on,  though  the  thunder  was  ftill  very 
loud,  and  though  the  cake  of  rofm  which 
fupported  his  conductor  was  not  wet.  But  he 
afterwards  found,  that  this  was  not  univer- 
fally  true. 

He  once  obferved,  that  when  the  conduct¬ 
ing  wire  was  furrounded  with  drops  of  rain, 
only  fome  of  them  were  electrified,  as  was 
evident  from  the  conical  figure  they  had, 
while  the  reft  remained  round  as  before.  It 
was  alfo  perceived,  that  the  electrified  and 
non-electrified  drops  generally  fucceeded  each 
other  alternately  ;  which  made  Mr.  Monnier 
call  to  mind  a  Angular  phenomenon,  which 
happened  fome  years  before  to  five  peafants 
who  were  palling  through  a  corn  field,  near 
Frankfort  upon  the  Oder,  during  a  thunder 
ftorm  ;  when  the  lightning  killed  the  firft,  the 
third,  and  the  fifth  of  them,  without  injuring 
the  fecund  or  the  fourth  *. 

It  was  not  owing  to  any  want  of  attention 
to  this  fubjecft  that  the  Englifh  philofopbers 
were  not  the  firft  to  verify  the  theory  of  Dr. 
Franklin.  They  happened  to  have  few  op¬ 
portunities  of  trying  experiments.  In  the 
few  they  had,  they  were  difappointed  by 

V 

*  Phil.  Tran-f.  Vol.  xlvii,  p.  551. 


the 


/ 


r  '  1 

on  LIGHTNING.  387 

>  :.+J 

the  rain  wetting  their  apparatus,  which  was 
not  better  conftruCted  than  that  of  the 
French. 

At  length  fuccefs  crowned  the  affiduity  and 
happier  contrivance  of  Mr,  Canton,  who,  to 
the  lower  end  of  his  conducting  wire,  had 
had  the  precaution  to  fatten  a  tin  cover,  to 
keep  the  rain  from  the  glafs  tube  which  iup- 
ported  it*  By  this  means,  on  the  20th  of 
July  1752*  he  got  fparks  at  the  diltance  of 
half  an  inch,  but  the  whole  appearance  ceafed 
in  the  fpace  of  two  minutes  *. 

Mr.  Wilson,  who  took  great  pains  in 
thefe  purfuits,  as  he  did  in  every  thing  elfe 
relating  to  electricity,  perceiving  feveral  elec¬ 
trical  fnaps,  on  the  1 2th  of  Auguft  follow¬ 
ing,  from  no  other  apparatus  than  an  iron 
curtain  rod ;  one  end  of  which  he  put  into 
the  neck  of  a  glafs  phial,  which  he  held  in 
his  hand,  while  the  other  was  made  to  point 
into  the  air. 

Dr.  Bkvis  alfo,  at  this  time*  viz.  on  the 
1 2th  of  Auguft,  obferved  nearly  the  fame 
appearances  that  Mr.  Canton  had  done  be-** 
fore  ■f*. 

Mr.  Canton  afterwards*  refuming  his  ob- 
fervations  on  lightning,  with  the  affiduity 
and  accuracy  with  which  he  obferves  every 
thing,  found,  by  a  great  number  of  experi¬ 
ments,  that  fome  clouds  were  in  a  politive, 
and  fome  in  a  negative  ftate  of  electricity. 
And  that,  by  this  means,  the  electricity  of 

*  Phil,  Tranf.  Vol.  xlvji.  p,  5 68. 
f  Ibid,  p,  £69. 
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his  condudor  would  fometimes  change  from 
one  ftate  to  the  other  five  or  fix  times  in  lefs 
than  half  an  hour 

This  obfervation  of  Mr.  Canton,  on  the 
different  electricity  of  the  clouds  was  made,  and 
the  account  of  it  published  in  England,  before 
it  was  known  that  Dr.  Franklin  had  made  the 
fame  difcovery  in  America* 

When  the  air  was  dry,  he  obferved,  that 
the  apparatus  would  continue  electrified  for 
ten  minutes,  or  a  quarter  of  an  hour  after  the 
clouds  had  paffed  the  zenith,  and  fometimes 
till  they  were  more  than  half  way  towards 
the  horizon;  that  rain,  efpecially  when  the 
drops  were  large,  generally  brought  down 
the  eleCtric  fire ;  and  hail  in  fummer,  he  be¬ 
lieved,  never  failed*  The  laft  obfervation  he 
had  made  before  the  time  of  his  writing  this 
paper,  when  his  apparatus  had  been  electrifi¬ 
ed  by  a  fall  of  thawing  fnow.  This  wras  on 
the  1 2th  of  November  1753,  which,  he  fays, 
was  the  26th  day,  and  the  fixty-firft  time,  it 
had  been  electrified  fince  it  was  firft  fet  up, 
viz*  about  the  middle  of  the  preceding  May. 

Only  two  thunder  ftorms  had  happened 
at  London  during  that  whole  fummer,  and 
Mr.  Canton’s  apparatus  was  fo  ftrongly  elec¬ 
trified  by  one  of  them,  that  the  ringing  of 
the  bells  (which  he  fufpended  to  his  appara¬ 
tus,  to  fignify  when  the  electrification  was 
begun,  and  which  were  frequently  rung  fo 
loud  as  to  be  heard  in  every  room  in  the 

#  Phil.  Tranf,  Vol.  xlviii.  pt.  i,  p.  356. 
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houfe)  was  ftifled  by  the  almoft  conftant 
ftream  of  denfe  eledric  fire  between  each  bell 
and  the  brafs  ball,  which  would  not  fuffer  it 
to  fir  ike. 

Upon  a  farther  occafion,  he  obferves,  that 
in  the  fucceeaing  months  of  January,  Febru¬ 
ary,  and  March,  his  apparatus  was  eledrified 
no  lefs  than  twenty-five  times,  both  pofitive-*’ 
ly  and  negatively,  by  fnow  as  well  as  by  hail 
and  rain ;  and  almoft  to  as  great  a  degree 
when  Fahrenheit’s  thermometer  was  between 
twenty- eight  and  thirty-four,  as  he  had  ever 
known  it  in  fummer,  except  in  a  thunder- 
ftorm 

Mr.  Canton  concludes  his  paper  with 
propofmg  the  two  following  queries  1.  May 
not  air  fuddenly  rarefied  give  eledric  fire  to, 
and  air  fuddenly  condenfed  receive  eledric  fire 
from  clouds  and  vapours  palling  through  it  ? 
2.  Is  not  the  aurora  borealis  the  flafhing  of 
eledric  fire  from  pofitive  towards  negative 
clouds  at  a?  great  diftance,  through  the  upper 
part  of  the  atmofphere,  where  the  refiftance  is 
leaft  f  ? 

Mr.  Canton  not  only  obferved  the  diffe¬ 
rent  ftates  of  pofitive  and  negative  eledricity 
in  the  clouds,  but  alfo  noted  the  proportion 
that  the  one  bore  to  the  other  for  a  confider- 
able  time.  In  the  firlt  period  he  had  obferved 
the  clouds  had  been  positively  eledrical  83 

times,  and  negative  101.  In  this  period  he 

\ 

*  Phil.  Tranf.  Yol.  xlviii.  pt.  ii.  p-  7S5. 
f  Ibid.  pt.  i,  p,  358. 
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tad  punctually  fet  down  how  often  the  powers 
had  fhifted,  and  the  whole  time  that  the 
apparatus  continued  to  be  electrified,  but  he 
had  intirely  negleCted  to  note  the  time  that 
each  power  lafted.  But  this  laft  cireumftance 
he  afterwards  carefully  attended  to  for  about 
two  months,  viz.  from  the  28th  of  June  to 
the  23d  of  Auguft  1754;  and  found  the  ap¬ 
paratus  to  be  electrified  pofitively  thirty-one 
times,  which  taken  together  lafted  three  hours 
thirty-five  minutes;  and  negatively  forty-five 
times,  the  whole  duration  of  which  was  ten 
hours  thirty-nine  minutes.  He  alfo  obferved 
that  the  pofitive  power  was  generally  the 
ftronger.  This  account  he  wrote  the  31ft  of 
Auguft  1754. 

Th  ese  obfervations,  which  Mr.  Canton  gives 
me  leave  to  make  public,  are  extremely  curi¬ 
ous,  and  rauft  have  required  great  attention ; 
but  they  are  hardly  fufticient  to  authorize  any 
general  conelufion* 

One  of  the  effeCfs  of  lightning  and  elec¬ 
tricity  is  the  melting  of  metals.  This  was 
fir  ft  thought  to  be  a  cold  fufion  ;  but  that  opi¬ 
nion  is  refuted,  in  a  very  fenfible  manner,  by 
Dr.  Knight,  in  a  paper  read  at  the  Royal  So¬ 
ciety,  November  2 2d,  1759*  He  obferves, 
that  the  inftances  moft  generally  given  of  cold 
fufion  are  two,  viz.  that  of  a  fword  being 
melted  in  its  fcabbard,  and  that  of  money  be¬ 
ing  melted  in  a  bag,  both  the  fcabbard  and 
the  bag  remaining  unhurt. 

A  great  number  of  authors,  he  fays, 
have  mentioned  both  the  faCts,  but  without 
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giving  either  their  own  teftimony,  or  that  of 
any  one  elfe  for  the  truth  of  them,  or  defcrib- 
ing  any  of  the  other  concomitant  circum- 
fiances.  And  it  feemed  to  him  very  poflible, 
that  lightning  might  produce  effects  fimilar  to 
thofe  above  mentioned,  without  our  being 
obliged  to  have  recourfe  to  a  cold  fufion  to 
account  for  them. 

If,  fays  ho,  the  edge  or  external  furface  of 
a  fword  had  been  melted,  whilft  the  main 
part  of  the  blade  remained  entire,  it  would 
have  afforded  fufficient  ground  to  affert,  in 
general  terms,  that  the  fword  was  melted, 
and  yet  the  fcabbard  might  have  remained 
unhurt ;  becaufe  either  the  edge  or  furface  of 
a  fword  might  be  inftantly  melted  by  light¬ 
ning  and  cooled  fo  fuddenly,  as  to  make  no 
impreffion  of  burning  upon  the  fcabbard. 
Metals,  as  well  as  other  bodies,  he  obferves, 
will  both  heat  and  cool  fooner  in  proportion 
as  they  are  thin  and  ilender ;  that  very  fmall 
wire  will  inftantly  become  red  hot,  and  even 
melt,  and  run  into  a  round  globule  in  the 
flame  of  a  common  candle  ;  though  it  is  no 
fooner  removed  out  of  the  flame,  but  it  is  in¬ 
ftantly  cold  He  therefore  concludes,  that  the 
edge  of  a  fword,  or  even  its  furface,  might 
be  inftantly  melted  by  lightning ;  and  being 
in  contadt  with,  or  rather  ftill  united  to  the 
reft  of  the  blade,  which  might  be  cold,  it 
would  part  with  its  heat  too  fuddenly  to  pro¬ 
duce  any  appearance  of  burning. 

He  was  confirmed  in  this  reafoning,  by 
examining  feme  fragments  and  particles  of 
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wire  melted  by  lightning,  which  were  fent 
him  by  Mr.  Mountaine.  Amongft  them  ap- 
peared  globules  of  various  fizes,  which  had 
undergone  very  different  degrees  of  fufion. 
The  largeft  of  them  had  not  been  fluid  enough 
to  put  on  a  fperical  figure,  but  they  approach¬ 
ed  nearer  to  it,  in  proportion  as  they  were 
froaller  ;  fo  that,  in  the  fmalleft  granule,  the 
fufion  was  moft  perfedf,  the  globules  being 
very  round  and  finootli.  Their  fizes  con¬ 
tinued'  diminiihing  till  they  became  invifible 
to  the  naked  eye,  and  feme  of  them,  when 
viewed  with  a  micro fcope,  required  a  third  or 
fourth  magnifier  to  fee  them  diftinftly. 

Some  of  the  bits ‘of  wire  were  rough  and 
fcaly,  like-  burnt  iron,  and  were  fwelled  in 
thofe  places  where  they  were  beginning  to 
melt.  Others  continued  ftraight,  and  of  an 
equable  thicknefs  ;  but  their  outward  furface 
feemedtohave  undergone  a  perfedt  fufibn,  fo 
that  there  were  two  or  more  pieces  adhering 
together,  as  if  joined  by  a  thin  folder. 

In  the  Philofophical  Tranfadtions,  Dr. 
Knight  fays,  there  are  two  or  three  relations 
which  feemed  at  firft  to  favour  a  cold  fufion* 
but  when  duly  confidered  prove  nothing  con- 
clufive 

But  that  there  is  really  no  fuch  thing  as 
cold  fufion,  either  by  eledtricity  or  lightning* 
was  moft  clearly  demonftrated  by  Mr.  Kin- 
nerfley,  in  a  letter  to  Dr.  Franklin,  dated  Phil¬ 
adelphia,  March  1 2th,  3761. 

*  Phil.  Tranf.  Vol.  3i.  pt.  i.  p.  294,  &c. 
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He  fufpended  a  piece  of  fmall  brafs  wire, 
about  twenty-four  inches  long,  with  a  pound 
weight  at  the  lower  end  ;  and,  by  fending 
through  it  the  charge  of  a  cafe  of  bottles, 
containing  above  thirty  feet  of  coated  glafs, 
he  difcovered  what  he  calls  a  new  method  of 
wire-drawing.  The  wire  was  red-hot,  the 
whole  length  well  annealed,  and  above  an 
inch  longer  than  before*  A  fecond  charge 
melted  it  fo  that  it  parted  near  the  middle, 
and  meafured,  when  the  ends  were  put  to¬ 
gether,  four  inches  longer  than  at  firft. 

This  experiment,  he  fays,  was  propofed 
to  him  by  Dr.  Franklin,  in  order  to  find 
whether  the  eledxicity,  in  palling  through 
the  wire,  would  fo  relax  the  cohefion  of  its 
condiment  particles,  as  that  the  weight  might 
produce  a  feparation ;  but  neither  of  them  had 
the  leaft  fufpicion  that  any  heat  would  be  pro¬ 
duced. 

That  he  might  have  no  doubt  of  the  wire 
being  hot,  as  well  as  red ,  he  repeated  the  ex¬ 
periment  on  another  piece  of  the  fame  wire, 
encompafled  with  a  goofe  quill,  filled  with 
loofe  grains  of  gun-powder  ;  which  took  fire, 
as  readily  as  if  it  had  been  touched  with  a  red- 
hot  poker.  Alfo  tinder,  tied  to  another  piece 
of  the  wire,  kindled  by  it ;  but  when  he  tried 
a  wire  about  twice  as  big,  he  could  produce 
no  fuch  effects. 

Hence,  fays  he,  it  appears,  that  the  elec¬ 
tric  fire,  though  it  has  no  fenfible  heat,  when 
in  a  date  of  reft,  will,  by  its  violent  motion, 
and  the  refiftance  it  meets  with,  produce  heat 

in 
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in  other  bodies,  when  palling  through  them, 
provided  they  be  fmall  enough.  A  great 
quantity  will  pafs  through  a  large  wore,  with¬ 
out  producing  any  fenfible  heat ;  when  the 
fame  quantity,  paffing  through  a  very  fmall 
one,  being  there  confined  to  a  narrower  paffage, 
the  particles  crowding  clofer  together,  and 
meeting  with  a  greater  refiftance,  will  make 
it  red-hot,  and  even  melt  it. 

Hence,  he  concludes,  that  lightning  does 
not  melt  metal  by  a  cold  fufion,  as  Dr.  Frank¬ 
lin  and  himfelf  had  formerly  fuppofed;  but 
that,  when  it  palled  through  the  blade  of  a 
iword,  if  the  quantity  was  not  very  great,  it 
might  heat  the  point  fo  as  to  melt  it,  while  the 
broadeft  and  the  thickeft  part  might  not  be 
fen  fib  ly  warmer  than  before. 

When  trees  and  houfes  are  fet  on  fire  by 
the  dreadful  quantity,  which  a  cloud,  or  fome- 
tirnes  the  earth  difcharges,  muft  not  the  heat, 
fays  he,  by  which  the  wood  is  firft  kindled,  be 
generated  by  the  lightning’s  violent  mo¬ 
tion  through  the  refiling  combuftible  mat¬ 
ter  ? 

If  lightning,  by  its  rapid  motion,  pro¬ 
duced  heat  m  itfelf  as  well  as  in  other  bodies 
(which  Mr.  Kinnerfley  imagined  was  evident 
from  fome  experiments  made  with  electrical 
thermometer,  mentioned  before)  he  thought 
that  its  fometimes  fingeing  the  hair  of  ani¬ 
mals  killed  by  it  might  eafily  be  account  for; 
and  that  the  reafon  of  its  not  always  doing  fo 
might  be,  that  the  quantity,  though  fufficient 
to  kill  a  large  animal,  might  not  be  great 

enough 
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enough,  or  not  have  met  with  refiftance 
enough,  to  become  by  its  motion  burning- 
hot. 

W  e  find,  fays  he,  that  d welling- h o  11  fe s 
ftruck  with  lightning,  are  feldom  fet  on  fire 
/by  it ;  but  that  when  it  pafles  through  barns  * 
with  hay  or  ftraw  in  them,  or  ftore-houfes 
containing  large  quantities  of  hemp,  or  fuch 
like  matter,  they  feldom,  if  ever,  efcape  a 
conflagration.  This,  he  thought,  might  be 
owing  to  fuch  combuftibles  being  apt  to  kindle 
with  a  lefs  degree  of  heat  than  was  necefiary 
to  kindle  wood 

All  that  was  done  by  the  French  and 
Englilh  electricians,  with  refpeCt  to  lightning 
and  eleCtricity,  fell  far  ftiort  of  what  was 
done  by  Signior  Beccaria  at  Turin.  His 
attention  to  the  various  ftates  of  the  atmo- 
fphere,  his  afliduity  in  making  experiments, 
his  apparatus  for  making  them,  the  extent  of 
his  views  in  making  them,  the  minute  exaCt- 
nefs  with  which  he  has  recorded  them,  and 
his  judgment  in  applying  them  to  a  general 
theory,  far  exceeded  every  thing  that  had 
been  done  by  philofophers  before  him,  or 
that  has  been  done  by  any  perfon  fmce.  And 
though  I  fhall  give  confiderable  fcope  to  my 
account  of  his  experiments  and  obfervations, 
I  fhall  be  able  to  give  my  reader  but  a  faint 
idea  of  the  extent,  variety,  and  value  of  his  la¬ 
bours  in  this  great  field. 

*  Phil.  Tranf.  Vol.  liii,  p.  92, 
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He  made  ufc  both  of  kites  and  pointed 
rods,  and  of  a  great  variety  of  both  at  the 
fame  time,  and  in  different  places.  Some  of 
the  firings  of  his  kites  had  wires  in  them, 
and  others  had  none.  Some  of  them  flew  to 
a  prodigious  height,  and  others  but  low; 
and  he  had  a  great  number  of  afliftants,  to 
note  the  nature,  time,  and  degree  of  appear¬ 
ances,  according  as  his  views  required. 

To  keep  his  kites  conftantly  infulated,  and 
at  the  fame  time  to  give  them  more  or  lefs 
firing,  and  for  many  other  purpofes,  he  had 
the  firing  rolled  upon  a  reel,  which  was  flip- 
ported  by  pillars  of  glafs;  and  his  conductor 
had  a  communication  with  the  axis  of  the 
reel  *. 

To  diftinguifh  the  pofitive  and  negative 
flate  of  the  clouds,  when  the  electricity  was 
vigorous,  with  more  certainty,  and  with  more 
fafety  than  it  could  be  done  by  prefenting  an 
excited  flick  of  glafs,  or  fealing-wax  to 
threads  diverging  from  his  conductor  ;  he  in- 
clofed  a  pointed  wire  and  a  flat  piece  of  lead 
oppofite  to  it  within  a  cylindrical  glafs  veffel, 
wrapped  in  pafteboard,  fo  that  the  infide  could 
have  no  communication  with  the  external 
light.  Into  this  cover,  and  oppofite  to  the 
point  of  the  wire,  he  inferted  a  very  long 
tube  of  pafteboard ;  through  which  he  could 
look  from  a  confiderable  diftance,  and  fee  the 
form  of  the  eledric  light  at  the  end  of  the 

*  Lettere  dell*  elettricifmo,  p.  1 12. 
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wire ;  which  is  the  fureft  indication  of  its  qua¬ 
lity  * 

From  Signior  Beccaria’s  extremely  exadl 
and  circumftantial  account  of  the  external  ap¬ 
pearances  of  thunder  clouds,  which  he  pre¬ 
fixes  to  his  observations  on  their  probable 
eaufes,  I  fhall  draw  a  general  outline  of  the 
moft  remarkable  particulars*  in  the  ufual  pro- 
grefs  of  a  thunder  ftorm. 

T  he  firft  appearance  of  a  thunder  ftorm 
{which  generally  happens  when  there  is  little 
or  no  wind)  is  one  denfe  cloud,  or  more,  in- 
creafing  very  faft  in  fize,  and  riling  into  the 
higher  regions  of  the  air.  The  lower  fur- 
face  is  black,  and  nearly  level ;  but  the  upper 
finely  arched,  and  well  defined*  Many  of 
thefe  clouds  often  feem  piled  one  upon  an¬ 
other,  all  arched  in  the  fame  manner ;  but 
they  keep  continually  uniting,  fweiling,  and 
extending  their  arches. 

At  the  time  of  the  rifing  of  this  cloud,  the 
atmofphere  is  generally  full  of  a  great  num¬ 
ber  of  feparate  clouds,  motionlefs,  and  of 
odd  and  whimfical  fhapes,  All  thefe,  upon 
the  appearance  of  the  thunder  cloud,  draw  to¬ 
wards  it,  and  become  more  uniform  in  their 
fhapes  as  they  approach  ;  till,  coming  very 
near  the  thunder  cloud,  their  limbs  mutually 
ftretch  towards  one  another;  they  immediate¬ 
ly  coalefce,  and  together  make  one  uniform 
mafs.  Thefe  he  calls  adfcititiou's  clouds,  from 
their  coming  in,  to  enlarge  the  fize  of  the 

*  Lettere  dell’  elettricifmo,  p.  107, 
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thunder  cloud.  But,  fometimes  the  thunder 
cloud  will  fwell,  and  increafe  very  faft  with* 
out  the  conjunction  of  any  adfcititious  clouds, 
the  vapours  in  the  atmofphere  forming  them- 
felves  into  clouds  wherever  it  paffes.  Some 
of  the  adfcititious  clouds  appear  like  white 
fringes,  at  the  fkirts  of  the  thunder  cloud,  or 
under  the  body  of  it,  but  they  keep  continual¬ 
ly  growing  darker  and  darker,  as  they  ap¬ 
proach  to  unite  with  it. 

When  the  thunder  cloud  is  grown  to  a 
great  fize,  its  lower  furface  is  often  ragged, 
particular  parts  being  detached  towards  the 
earth,  but  ftill  connected  with  the  reft.  Some¬ 
times  the  lower  furface  fwells  into  various  large 
protuberances  bending  uniformly  towards  the 
earth.  And  fometimes  one  whole  fide  of  the 
cloud  will  have  an  inclination  to  the  earth, 
and  the  extremity  of  it  will  nearly  touch  the 
earth  When  the  eye  is  under  the  thunder 
cloud,  after  it  is  grown  larger,  and  well  form¬ 
ed,  it  is  feen  to  link  lower,  and  to  darken 
prodigioufly ;  at  the  fame  time  that  a  number 
of  fmall  adfcititious  clouds  (the  origin  of  which 
can  never  be  perceived)  are  feen  in  a  rapid 
motion,  driving  about  in  very  uncertain  di¬ 
rections  under  it.  While  thefe  clouds  are 
agitated  with  the  moll  rapid  motions,  the  rain 
generally  falls  in  the  greateft  plenty,  and  if 
the  agitation  be  exceedingly  great,  it  com¬ 
monly  hails  f. 


*  Lettere  dell’  elettricifnfio,  p.  i^'i. 
f  Ibid,  p.  155. 
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While  the  thunder  cloud  is  fwelling,  and 
extending  its  branches  over  a  large  trad:  of 
country,  the  lightning  is  feen  to  dart  from 
one  part  of  it  to  another,  and  often  to  illu¬ 
minate  its  whole  mafs.  When  the  cloud  has 
acquired  a  fufficient  extent,  the  lightning 
ftrikes  between  the  cloud  and  the  earth,  in 
two  oppofite  places,  the  path  of  the  lightning 
lying  through  the  whole  body  of  the  cloud 
and  its  branches.  The  longer  this  lightning 
continues,  the  rarer  does  the  cloud  grow,  and 
the  lefs  dark  is  its  appearance ;  till,  at  length, 
it  breaks  in  different  places,  and  fhows  a  clear 
fky.  When  the  thunder  cloud  is  thus  dif- 
perfed,  thofe  parts  which  occupy  the  upper 
regions  of  the  atmofphere  are  equally  fpread, 
and  very  thin  ;  and  thofe  that  are  underneath 
are  black,  but  thin  too :  and  they  vanifh  gra¬ 
dually,  without  being  driven  away  by  any 
wind 

Having  feen  what  this  philofopher  ob- 
ferved  abroad,  and  in  the  air,  let  us  fee  what 
he  took  notice  of  at  his  apparatus  within 
doors.  This  never  failed  to  be  eledrified  up¬ 
on  every  approach  of  a  thunder  cloud,  or  any 
of  its  branches  ;  and  the  ftreani  of  fire  from  it 
was  generally  perpetual,  while  it  was  dirediy 
over  the  apparatus  f. 

That  thunder  clouds  were  fometimes  in  a 
pofitive  as  well  as  negative  ftate  of  eledricity, 
Signior  Beccaria  had  difcovered,  before  he 
heard  of  its  having  been  ob ferved  by  Dr, 

*  Lettere  dell’  elettricifino,  p-  146.  176. 
f  Ibid,  p.  167. 
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Franklin,  or  any  other  perfon  *.  The  fame 
cloud,  in  palling  over  his  obfervatory,  eiedri- 
fied  his  apparatus,  fometimes  pofitively,  and 
fometimes  negatively  f ,  The  eledricity  con-* 
tinued  longer  of  the  fame  kind,  in  proportion 
as  the  thunder  doud  was  fun  pie,  and  uniform 
in  its  diredion ;  but  when  the  lightning  chang¬ 
ed  its  place,  there  commonly  happened  a 
change  in  the  eledricity  of  his  apparatus*  It 
would  change  fuddenly  after  a  very  violent 
flaih  of  lightning,  but  the  change  would  be 
gradual  when  the  lightning  was  moderate, 
and  the  progrefs  of  the  thunder  cloud  flow. 

It  was  an  immediate  inference  from  his 
obfervations  of  the  lightning  abroad,  and  his 
apparatus  within,  that  the  quantity  of  elec¬ 
tric  matter,  in  an  ufual  ftorm  of  thunder,  is 
aim  oft  inconceivably  great,  confldering  how 
many  pointed  bodies,  as  trees,  fpires,  &c.  are 
perpetually  drawing  it  off,  and  what  a  pro¬ 
digious  quantity  is  repeatedly  difcharged  tof 
or  from  the  earth  4* 

After  this  fummary  view  of  appearances, 
I  ihall,  in  the  fame  fuccind  manner  explain 
the  hypothefis  by  which  this  excellent  philo- 
fopher  accounts  for  them,  ,and  fome  other 
principal  and  well  known  phenomena  of  thun¬ 
der  ftorm  s. 

Considering  the  vaft  quantity  of  eledric 
fire  that  appears  in  the  mo  ft  Ample  thunder 
ftorms,  he  thinks  it  impoflible  that  any  cloud, 
or  number  of  clouds  ihould  ever  contain  it 

*'  Lettere  dell’  elletricifmo,  p»  138,  f  Ibid.  p.  172. 

t  Ibid.  p.  180. 
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all,  fo  as  either  to  difcharge  or  receive  it.  Be" 
fides,  during  the  progrefs  and  increafe  of  the 
ftorm,  though  the  lightning  frequently  ftruck 
to  the  earth,  the  fame  clouds  were  the  next 
moment  ready  to  make  a  ftill  greater  dif¬ 
charge,  and  his  apparatus  continued  to  be  as 
much  affeCted  as  ever.  The  clouds  muft, 
confequently,  have  received  at  one  place,  the 
moment  that  a  difcharge  was  made  from  them 
in  another  *.  In  many  cafes,  the  electricity 
of  his  apparatus,  and  confequently  of  the 
clouds,  would  inftantly  change  from  one  kind 

J  j  O 

to  another  feveral  times  ;  an  effect  which  can¬ 
not  be  accounted  for  by  any  fimple  difcharge, 
or  recruit.  Both  muft  have  taken  place  in  a 
very  quick. fucceffion  f . 

The  extent  of  the  clouds  doth  not  leffen 
this  difficulty for,  be  it  ever  fo  great,  ftill 
the  quantity  ought  to  be  leflened  by  every  dif¬ 
charge  :  and,  befides,  the  points,  by  which 
the  filent  difcharges  are  made,  are  in  propor¬ 
tion  to  the  extent  of  the  clouds  J.  Nor  is  the 
difficulty  leflened  by  fuppofing  that  frefti 
clouds  bring  recruits ;  for  befides  that  the 
clouds  are  not  ripe  for  the  principal  ftorm,  till 
all  the  clouds,  to  a  great  diftance,  have  actual¬ 
ly  coalefced,  and  farmed  one  uniform  mafs, 
thofe  recruits  bear  no  fort  of  proportion  to  the 
difcharge,  and  whatever  it  was,  it  would  foon 
be  exhaufted. 

The  fad,  therefore,  muft  be,  that  the 
eleCtric  matter  is  continually  darting  from  the 

*  Lettere  dell’  elettricifmo,  p.  585.  188. 
f  Ibid.  p.  2 20,  l  Ibid,  p.  185. 
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clouds  in  one  place,  at  the  fame  time  that  it 
is  difcharged  from  the  earth  in  another.  And 
it  is  a  neceflary  confequence  from  the  whole, 
that  the  clouds  ferve  as  conductors  to  convey 
the  eledric  fluid  from  thofe  places  of  the  earth 
which  are  overloaded  with  it,  to  thofe  which 
are  exhaufted  of  it  *. 

To  afcertain  this  fact  in  the  moft  complete 
manner,  he  propofes  that  two  obfervatories 
be  fixed,  about  two  leagues  afunder,  in  the 
ufual  path  of  the  thunder  clouds  ;  and  that 
obfervations  be  made,  whether  the  apparatus 
be  not  often  pofitive  at  one  place,  when  it  is 
negative  at  the  other  •fc 

That  great  quantities  of  eledric  matter 
do  fometimes  rufh  out  of  particular  parts  of 
the  earth,  and  rife  through  the  air,  into  the 
higher  regions  of  the  atmofphere,  he  thinks 
is  evident  from  the  great  quantities  of  fand, 
afhes,  and  other  light  fubftaiices,  which  have 
often  been  carried  up  into  the  air,  and  feat- 
tered  uniformly  over  a  large  trad:  of  coun¬ 
try  No  other  known  efficient  caufe  of  this 
phenomenon  can  be  affigned,  except  the 
wind ;  and  it  has  been  obferved  when  there 
was  no  wind  flirring ;  and  the  light  bodies 
have  even  been  carried  againft  the  wind  §.  He 
fuppofes,  therefore,  that  thefe  light  bodies 
are  raifed  by  a  large  quantity  of  eledric  matter 
iffuing  out  of  the  earth,  where  it  was  over¬ 
charged  with  it,  and  (by  that  property  of  it 
which  he  had  demonftrated)  attrading,  and 

*  Lettere dell*  elettricifmo,  p.  193.  f  Ibid.  p.  194. 

4  Ibid.  p.  199.  §  Ibid,  p.225. 
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carrying  with  it  every  fubftance  that  could 
ferve  as  a  conductor  in  its  paffage.  All  thefe 
bodies,  being  poffefTed  of  an  equal  quantity 
of  the  eledtric  fluid,  will  be  difperfed  equally 
in  the  air,  and  confequently  over  that  pact 
of  the  earth  where  the  fluid  was  wanting,  and 
whither  they  ferve  to  convey  it  A  Had  thefe 
bodies  been  raifed  by  the  wind,  they  would 
have  been  difperfed  at  random,  and  in  heaps. 

This  comparatively  rare  phenomenon  (but 
of  which  he  had  been  more  than  once  a  fpec- 
tator)  he  thinks  exhibits  both  a  perfect  image, 
and  a  demonftration,  of  the  manner  in  which 
the  vapours  of  the  atmofphere  are  railed  to 
form  thunder  clouds.  The  fame  eledtric  mat¬ 
ter,  wherever  it  [flues,  attracts  to  it,  and  car¬ 
ries  up  into  the  higher  regions  of  the  air,  the 
watery  particles  that  are  difperfed  in  the  at¬ 
mofphere,  The  eledtric  matter  afcends  to  the 
higher  regions  of  the  atmofphere,  being  fo li¬ 
cked  by  the  lefs  refinance  it  finds  there  than 
in  the  common  mafs  of  the  earth  ;  which,  at 
thofe  times,  is  generally  very  dry,  and  confe¬ 
quently  highly  eledtric.  The  uniformity  with 
which  thunder  clouds  fpreads  themielves,  and 
fwell  into  arches,  muft  be  owing  to  their  be¬ 
ing  affedted  by  fome  caufe  which,  like  the 
eledtric  matter,  diffufes  itfelf  uniformly  w  he  re¬ 
eve  r  it  adts,  and  to  the  refiftance  they  meet 
with  in  afcending  through  the  air  j\  As  a 
proof  of  this,  fleam,  rifing  from  an  eledtrifi- 
ed  eolipile,  diffufes  itfelf  with  the  fame  uni- 

*  Letters  dell*  elettridfmo,  p.  202. 
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fortuity,  and  in  fimilar  arches,  extending  it- 
felf  towards  any  conducing  fubftance  *. 

The  fame  caufe  which  firft  railed  a  cloud, 
from  vapours  difperfed  in  the  atmofphere, 
draws  to  it  thofe  that  are  already  formed,  and 
continues  to  form  new  ones,  till  the  whole 
collected  mafs  extends  fo  far  as  to  reach  a  part 
of  the  earth  where  there  is  a  deficiency  of  the 
eledlric  fluid  f.  Thither  too,  will  thofe 
clouds,  replete  with  eleTricity ,  he  ftrongly 
attracted,  and  there  will  the  electric  matter 
difcharge  itfelf  upon  the  earth.  A  channel 
of  communication  being,  in  this  manner, 
found,  a  frefli  fupply  of  eleftric  matter  will 
be  raifed  from  the  overloaded  part,  and  will 
continue  to  be  conveyed  by  the  medium  of 
the  clouds,  till  the  equilibrium  of  the  fluid 
between  the  two  places  of  the  earth  be  reftor- 
ed.  When  the  clouds  are  attracted  in  their 
paffage  by  thofe  parts  of  the  earth  where  there 
is  a  deficiency  of  the  fluid,  thofe  detached 
fragments  are  formed,  and  alfo  thofe  uniform 
depending  protuberances,  which  will  be  fhown 
to  be,  in  fome  cafes,  the  caufe  of  water-fpouts 
and  hurricanes 

That  the  eledlric  matter,  which  forms 
and  animates  the  thunder  clouds,  iffues  from 
places  far  below  the  furface  of  the  earth,  and 
.  that  it  buries  itfelf  there,  is  probable  from  the 
deep  holes  that  have,  in  many  places,  been 
made  by  lightning  §.  Flafhes  of  lightning 
have,  alfo,  been  feen  to  arife  from  fubterrane- 

*  Letters  del?  elettiicifmo,  p.  206.  f  Ibid.  p.  212. 

X  Ibid.  p.  214.  §  Ibid.  p.  227. 
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ous  cavities,  and  from  wells  V  Violent  in¬ 
undations  have  accompanied  thunder  florins, 
not  occafioned  by  rain,  but  by  water  burfting 
from  the  bowels  of  the  earth,  from  which  it 
mult  have  been  diflodged  by  fome  internal 
concuffion.  Deep  wrells  have  been  known  to 
fill  falter  in  thunder  florins  L*  an^  others  have 
conftantly  grown  turbid  at  the  approach  of 
thunder 

This  very  rife,  as  well  as  the  whole  pro- 
grefs  of  thunder  clouds,  has  fometimes  been, 
in  a  manner,  vifible.  Exhalations  have  been 
frequently  feen  to  rife  from  particular  caverns, 
attended  with  a  rumbling  noife,  and  to  afcend 
into  the  higher  regions  of  the  air,  with  all 
the  phenomena  of  thunder  forms  defcribed 
above,  according  to  the  defcription  of  perfons 
who  lived  long  before  the  connexion  be¬ 
tween  electricity  and  lightning  was  fuf- 
peCted  §. 

The  greateft  difficulty  attending  this  theory 
of  the  origin  of  thunder  florins  relates  to  the 
collection,  and  infulation  of  eleCtric  matter 
within  the  body  of  the  earth.  With  refpeCt 
to  the  former,  he  has  nothing  particular  to 
fay.  Some  operations  in  nature  are  certainly 
attended  with  a  lofs  of  the  equilibrium  in  the 
eleCtric  fluid,  but  no  perfon  has  yet  afiigned  a 
more  probable  caufe  of  the  redundancy  of  the 
eleCtric  matter  which,  in  faCf,  often  abounds 
in  the  clouds,  than  what  we  may  fuppofe 


*  Lettere  dell’  elettricifmo,  p.  228.  f  Ibid.  p.  233. 

%  Ibid.  p.  360.  §  Ibid,  p.  231, 
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pofiible  to  take  place  in  the  bowels  of  the 
earth.  And  fuppofmg  the  lofs  of  the  equili¬ 
brium  pofiible,  the  fame  caufe  that  produced 
the  effect  would  prevent  the  reftoring  of  it ; 
fo  that  not  being  able  to  force  a  way,  at  leaft 
one  fufficiently  ready,  through  the  body  of 
the  earth,  it  would  iflue  at  the  moft  convenient 
vent  into  the  higher  regions  of  the  air,  as  the 
better  paffage.  His  electrical  apparatus, 
though  communicating  with  the  earth,  has 
frequently,  in  violent  thunder  florins,  given 
evident  fparks  to  his  finger*. 

In  the  enumeration  of  the  efFe&s  of  thun¬ 
der  ftorms,  he  obferves  that  a  wind  always 
blows  from  the  place  from  which  the  thunder 
cloud  proceeds ;  that  this  is  agreeable  to  the 
obfervations  of  all  mariners,  and  that  the 
wind  is  more  or  lefs  violent  in  proportion  to 
the  fuddenefs  of  the  appearance  of  the  thun¬ 
der  cloud,  the  rapidity  of  its  expanfion,  and 
the  velocity  with  which  the  adfcititious  clouds 
•join  it.  The  hidden  condenfation  of  fuch  a 
prodigious  quantity  of  vapours  muft  difplace 
the  air,  and  repel  it  on  all  fides-jo 

He,  in  fome  meafure,  imitated  even  this 
effeCt  of  thunder,  at  leaft  produced  a  circula¬ 
tion  of  all  the  air  in  his  room,  by  the  continue 
ed  electrification  of  his  chain 

Among  other  effects  of  lightning,  he  men¬ 
tions  the  cafe  of  a  man  rendered  exceedingly 
fciff,  prefently  after  he  was  ftruck  dead  in  a 
florin  of  thunder.  But  the  moft  remarkable 

*  Lfttere  dell’  dettricifmo,  p.  2 36.  f  Ibid,  p.  339,  340. 

t  Fbid.  p.  343. 
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circumftance,  in  this  cafe,  was  the  lightning 
(chilling  the  beft  conductor)  having  ftruck 
one  particular  vein,  near  his  neck,  and  fol¬ 
lowed  it  through  its  minuteft  ramifications  ; 
fo  that  the  figure  of  it  appeared  through  the 
fkin,  finer  than  any  pencil  could  have 
drawn  it  N 

He  cautions  perfons  not  to  depend  upon 
the  neighbourhood  of  a  higher,  or,  in  all 
cafes,  a  better  conductor  than  their  own  body; 
fince,  according  to  his  repeated  obfervations, 
the  lightning  by  no  means  defcends  in  one 
undivided  track  ;  but  bodies  of  various  kinds 
condud  their  fhare  of  it,  at  the  fame  time,  in 
proportion  to  their  quantity  and  conducting 
power  ~j\ 

A  great  number  of  obfervations,  relat¬ 
ing  to  the  defcent  of  lightning,  confirm  his 
theory  of  the  manner  of  its  afcent :  for,  in 
many  cafes,  it  throws  before  it  the  parts  of 
conducting  bodies,  and  diftributes  them  along 
the  refilling  medium  through  which  it  mull 
force  its  palfagej. 

Upon  this  principle  it  is,  that  the  longeft 
flalhes  of  lightning  feem  to  be  made,  by  its 
forcing  into  its  way  part  of  the  vapours  in 
the  air  §.  One  of  the  principal  reafons  why 
thofe  flafhes  make  fo  long  a  rumbling,  is  their 
being  occafioned  by  the  vail  length  of  a  va¬ 
cuum,  made  by  the  paffage  of  the  eledric 
matter.  For  though  the  air  collapfes  the  mo- 

*  Lettere  delP  elettricifmo,  p.  242.  f  Ibid,  p.  246. 

%  Ibid.  p.  247,  §  Ibid.  p.  851. 
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ment  after  it  has  palled,  and  the  vibration  (on 
which  the  found  depends)  commences  at  the 
fame  moment,  through  the  whole  length 
of  the  track  ;  yet,  if  the  fiafh  was  directed 
towards  the  perfon  who  hears  the  report,  the 
vibrations  excited  at  the  nearer  end  of  the 
track  will  reach  his  ear  much  fooner  than 
thofe  excited  at  the  more  remote  end ;  and 
the  found  will,  without  any  repercuffion  or 
echo,  continue  till  all  the  vibrations  have  fuc- 
ceflively  reached  him  A 

I  must  introduce  in  this  place  a  very  curi¬ 
ous  experiment  and  ohfervation  of  Mr.  Lullin, 
concerning  the  production  of  eleClricity  in  the 
clouds.  He  made  a  long  infill ated  pole  pro¬ 
ject  from  the  fide  of  one  of  the  Alps ;  and, 
on  the  29th  of  June  1766,  obferved,  that 
when  fmall  clouds  of  vapour,  railed  by  the 
heat  of  the  fun,  rofe  near  the  foot  of  the 
mountain,  and  afcended  along  the  fide  of  it; 
if  they  touched  the  extremity  of  the  pole  only, 
it  was  electrified;  but  if  the  wiiole  pole,  and 
confequently  part  of  the  hill  on  which  it  flood, 
was  likewife  involved,  it  was  not  eleClrified. 
From  this  he  concludes,  that  the  electricity 
of  the  clouds  is  produced  by  their  paffing 
through  the  air  while  the  fun  fhines  upon 
them.  But  to  which  of  thefe  two  circum- 
ftances,  namely  the  motion  through  the  air, 

.  or  the  action  of  the  fun’s  rays,  this  was  ow¬ 
ing,  he  could  not  determine,  though  he  made 
feveral  experiments  for  that  purpofe  j\ 

*  Letttre  deU’  elettricifmo,  p,  252. 

-  f  Diilertatio  phyfica,  p.  42. 
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One  of  the  moil  remarkable  effects  of  light¬ 
ning  is  that  it  gives  polarity  to  the  magnetic 
needle,  and  to  all  bodies  that  have  any  thing 
of  iron  in  them,  as  bricks,  &c.  and  by  ob~ 
ferving  which  way  the  poles  of  thefe  bodies 
lye,  it  may  be  known,  with  the  ntmoft  cer¬ 
tainty,  in  what  direction  the  ftroke  palled 
In  one  cafe  S.  Beccaria  a&ually  afcertained  the 
direction  of  the  lightning  in  this  manner  j\ 

Since  a  hidden  ftroke  of  lightning  gives 
polarity  to  magnets,  he  conjectures  that  a  re¬ 
gular  and  conftant  circulation  of  the  wThole 
mafs  of  the  fluid,  from  North  to  South,  may 
be  the  original  caufe  of  magnet! fm  in  gene¬ 
ral  This  is  a  truly  great  thought ;  and,  if 
juft,  will  introduce  greater  fimplicity  into  our 
conceptions  of  the  lav/s  of  nature. 

That  this  etherial  current  is  infenfibie  to 
us,  is  no  proof  of  its  non-exiftence,  fmce  we 
ourfelves  are  involved  in  it.  Tie  had  feen  birds 
fly  fo  near  a  thunder  cloud,  as  he  was  hire 
they  would  not  have  done,  if  they  had  been 
affeCted  by  its  atmofphere§. 

This  current  he  would  not  fuppofe  to  arife 
from  one  fource,  but  from  feveral,  in  the 
northern  hemifphere  of  the  earth.  The  aber¬ 
ration  of  the  common  center  of  all  thefe  cur¬ 
rents  from  the  North  point  may  be  the  caufe  of 
the  variation  of  the  needle,  the  period  of  this 
declination  of  the  center  of  the  currents  may 
be  the  period  of  the  variation,  and  the  obli¬ 
quity  with  which  the  currents  ft r ike  into  the 

*  Lettere  dell*  elettricifmo,  p.  262.  f  Ibid.  p.  263. 

%  ibid,  p.  268.  _  §  Ibid, 
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earth  may  be  the  caufe  of  the  dipping  of  the- 
needle,  and  alfo  why  bars  of  iron  more  eafily 
receive  the  magnetic  virtue  in  one  particular 
direction  A 

He  thinks  that  the  Aurora  Borealis  may  be 
this  eledric  matter  performing  its  circulation, 
in  fuch  a  ftate  of  the  atmofphere  as  renders  it 
vifible,  or  approaching  nearer  to  the  earth 
than  ufuah  Accordingly  very  vivid  appear¬ 
ances  of  this  kind  have  been  obferved  to  occa- 
fion  a  fluduation  in  the  magnetic  needle  -fa 

Stones  and  bricks  ftruck  by  lighning  are 
often  vitrified.  He  fuppofes  that  fome  ftones 
in  the  earth,  having  been  ftruck  in  this  man¬ 
ner,  firft  gave  occafion  to  the  vulgar  opinion 
of  the  thunder  bolt 

Signior  Beccaria  was  very  fenfible  that 

heat  contributes  much  to  the  phenomena  of 
thunder,  lightning,  and  rain;  but  he  could 
not  find,  by  any  experiment,  that  it  tended 
to  promote  eledricity.  He,  therefore,  rather 
thought  that  heat  operated,  in  this  cafe,  by 
exhaling  the  moifture  of  the  air,  and  thereby 
cutting  off  the  communication  of  the  eledric 
fluid  between  one  place  and  another,  particu¬ 
larly  between  the  earth  and  the  higher  re¬ 
gions  of  the  air,  w hereby  its  effeds  were 
more  vifible  §. 

Having  entertained  my  reader  with  the 
obfervations  of  this  great  Italian  genius,  I  muft 
once  more  condud  him  to  France,  where  he 
will  fee  feveral  experiments  well  worth  his 

*  Lettere  dell*  elettiicifmo,  p,  269.  f  Ibid.  p.  272. 

|  Ibid,  p,  263.  §  Ibid.  p.  359* 
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notice.  In  this  country  we  have  feeo  that 
Dr.  Franklin’s  theory  of  the  identity  of  elec¬ 
tricity  and  the  matter  of  lightning  was  firft 
verified,  and  we  fhall  now  fee  it  verified  in 
the  grandeft  and  mo  ft  confpicuous  manner. 

The  greateft  quantity  of  electricity  that  was 
ever  brought  from  the  clouds,  by  any  appa¬ 
ratus  prepared  for  that  purpofe*  was  by  Mr. 
De  Romas,  afieflor  to  the  prefideal  of  Nerac. 
This  gentleman  was  the  firft  who  made  ufe  of 
a  wire  interwoven  in  the  hempen  cord  of  an 
electrical  kite,  which  he  made  feven  feet  and 
a  half  high,  and  three  feet  wide,  fo  as  to  have 
eighteen  fquare  feet  of  furface.  This  cord 
was  found  to  conduct  the  eleftricity  of  the 
clouds  more  powerfully  than  a  hempen  cord 
would  do,  even  though  it  was  wetted;  and, 
being  terminated  by  a  cord  of  dry  lilk  it 
enabled  the  obferver  (by  a  proper  manage¬ 
ment  of  his  apparatus)  to  make  whatever  ex¬ 
periments  he  thought  proper,  without  danger 
to  himfelf. 

By  the  help  of  this  kite,  on  tire  7th  of 
June  1753?  about  one  in  the  afternoon,  when 
it  was  railed  550  feet  from  the  ground,  and 
had  taken  780  feet  of  firing,  making  an  angle 
of  near  forty-five  degrees  with  the  horizon ; 
he  drew  fparks  from  his  conductor  three  inches 
long  and  a  quarter  of  an  inch  thick,  the  flap¬ 
ping  of  which  was  heard  about  200  paces. 
Whilft  he  was  taking  thefe  fparks,  he  felt,  as 
it  were,  a  cobweb  on  his  face,  though  he  was 
above  three  feet  from  the  firing  of  the  kite ; 
after  which  he  did  not  think  it  fafe  to  ftand 
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fo  near,  and  called  aloud  to  all  the  company 
to  retire,  as  he  did  himfelf  about  two  feet. 

T h inki n g  himfelf  now  fecure  enough, 
and  not  being  incommoded  by  any  body  very 
near  him,  he  took  notice  of  what  paffed  among 
the  clouds  winch  were  immediately  over  the 
kite  ;  but  could  perceive  no  lightning  either 
there  or  any  where  elfe,  nor  fcarce  the  leaft 
noife  of  thunder,  and  there  was  no  rain  at  ajh 
The  wind  was  Weft,  and  pretty  ftrong,  which 
raifed  the  kite  100  feet  higher,  at  leaft,  than 
in  the  other  experiments.’ 

Afterwards,  calling  his  eyes  on  the  tin 
tube,  which  was  fattened  to  the  firing  of  the 
kite,  and  about  three  feet  from  the  ground, 
he  faw  three  flraws,  one  of  which  was  about 
one  foot  long,  a  fecond  four  or  five  inches, 
and  the  third  three  or  four  inches,  all  Hand¬ 
ing  eredl,  and  performing  a  circular  dance, 
like  puppets,  under  the  tin  tube,  without 
touching  mie  another. 

This  little  fpeliacle,  which  much  delight¬ 
ed  feveral  of  the  company,  lafted  about  a 
quarter  of  an  hour;  after  which,  fome  drops 
of  rain  falling,  he  again  perceived  the  fenfa- 
tion  of  the  cobweb  on  his  face,  and  at  the 
fame  time  heard  a  continual  ruffling  noife, 
like  that  of  a  fmall  forge  bellows.  This  was 
a  farther  warning  of  the  increafe  of  electrici¬ 
ty ;  and  from  the  fir  ft  inftant  that  Mr.  De 
Romas  perceived  the  dancing  flraws,  he 
thought  it  not  advifeable.  to  take  any  more 
fparks  even  with  all  his  precautions ;  and  he 

again 
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again  mtreated  the  company  to  fpread  tliem- 
felves  to  a  ftill  greater  diftance. 

Immediately  after  this  came  on  the  laft 
adt  of  the  entertainment,  which  Mr.  Be  Ro¬ 
mas  acknowledged  made  him  tremble.  The 
longeft  ftraw  was  attracted  by  the  tin  tube, 
upon  which  followed  three  explofions,  the 
noife  of  which  greatly  refernbled  that  of  thun¬ 
der.  Some  of  the  company  compared  it  to 
the  explofion  of  rockets,  and  others  to  the 
violent  cradling  of  large  earthen  jars  againft  a 
pavement  It  is  certain  that  it  was  heard  into 
the  heart  of  the  city,  notwithftanding  the  va¬ 
rious  noifes  there. 

The  fire  that  was  feen  at  the  infant  of  the 
explofion  had  the  fhape  of  a  fpindle  eight 
inches  long  and  five  lines  in  diameter.  But 
the  mo  ft  aftoniftiing  and  diverting  circum- 
fiance  wras  produced  by  the  ftraw,  which  had 
occasioned  the  explofion,  following  the  firing 
of  the  kite.  Some  of  the  company  faw  it  at 
forty-five  or  fifty  fathoms  diftance,  attraded 
and  repelled  alternately,  with  this  remarkable 
circumftance,  that  every  time  it  was  attracted 
by  the  firing,  ilalhes  of  fire  were  feen,  and 
cracks  were  heard,  though  not  fo  loud  as  at 
the  time  of  the  former  explofion. 

It  is  remarkable,  that,  from  the  time  of 
the  explofion  to  the  end  of  the  experiments,' 
no  lightning  at  all  was  feen,  nor  fcarce  any 
thunder  heard.  A  finell  of  fill phur  was  per¬ 
ceived,  much  like  that  of  the  luminous  elec¬ 
tric  effluvia  iffbing  out  of  the  end  of  an  elec¬ 
trified  bar  of  metal.  Round  the  firing  ap- 
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peared  a  luminous  cylinder  of  light,  three  oi* 
four  inches  in  diameter;  and  this  being  in  the 
day-time  Mr.  De  Romas  did  not  queftion  but 
that,  if  it  had  been  in  the  night,  that  eledric 
atmofphere  would  have  appeared  to  be  four 
or  five  feet  in  diameter.  Laftly,  after  the 
experiments  were  over,  a  hole  was  difcovered 
in  the  ground,  perpendicularly  under  the  tin 
tube,  an  inch  deep,  and  half  an  inch  wide, 
which  was  probably  made  by  the  large  flafhes 
that  accompanied  the  explofions. 

An  end  was  put  to  thefe  remarkable  experi¬ 
ments  by  the  falling  of  the  kite,  the  wind  be¬ 
ing  fhifted  into  the  EafE  and  rain  mixed  with 
hail  coming  on  in  great  plenty.  Whilft  the 
kite  was  falling,  the  firing  came  foul  of  a 
penthoufe;  and  it  was  no  fconer  difengaged, 
than  the  perfon  who  held  it  felt  fuch  a  ftroke 
in  his  hands,  and  fuch  a  commotion  through 
his  whole  bodyr,  as  obliged  him  inffantly  to 
let  it  go ;  and  the  firing,  falling  on  the  feet 
of  fome  other  perfons,,gave  them  a  fhock  a!fo> 
though  much  more  tolerable  N 

The  quantity  of  eledric  matter  brought  by 
this  kite  from  the  clouds  at  another  time  is 

i 

really  aftonifhing.  On  the  26th  of  Auguft 
1756,  the  itreams  of  fire  i {Tiling  from  it  wrere 
obferved  to  be  an  inch  thick,  and  ten  feet 
long.  This  amazing  flafh  of  lightning,  the 
effed  of  which  on  buildings  or  animal  bodies, 
would  perhaps  have  been  equally  defirudive 
with  any  that  are  mentioned  in  hiftory,  was 

*  Gent.  Magaz.  for  Auguft  1756,  p.  378. 
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fafely  conduced  by  the  cord  of  the  kite  to  a 
non-ele£tric  body  placed  near  it,  and  the  report 
was  equal  to  that  of  a  piftol. 

Mr.  Romas  had  the  curiofity  to  place  a 
pigeon  in  a  cage  of  glafs,  in  a  little  edifice, 
which  he  had  purpofely  placed,  fo  as  that  it 
fhould  be  demolifhed  by  the  lightning  brought 
down  by  his  kite.  The  edifice  was,  accord¬ 
ingly,  Shattered  to  pieces,  but  the  cage  and 
the  pigeon  were  not  ftruck  *. 

The  Abbe  Nollet,  who  gives  this  ac¬ 
count,  adds,  that  if  a  ftroke  of  this  kind  had 
gone  through  the  body  of  Mr.  De  Romas,  the 
unfortunate  profeffor  Richman  had  not  pro¬ 
bably  been  the  only  martyr  to  electricity,  and 
advifes,  that  great  caution  be  ufed  in  con¬ 
ducing  fuch  dangerous  experiments  f . 

When  we  confider  how  many  fevere 
fhocks  the  moft  cautious  and  judicious  elec¬ 
tricians  often  receive  through  inadvertence, 
we  fhall  not  be  furprifed,  that  when  philo- 
fophers  firft  began  to  colleCt  and  make  experi¬ 
ments  upon  real  lightning,  it  fhould  fome- 
times  have  proved  a  little  untraCfable  in  their 
hands,  and  that  they  were  obliged  to  give 
one  another  frequent  cautions  how  to  proceed 
with  it. 

The  Abbe  Nollet,  as  early  as  the  year 
1752,  advifes  that  thefe  experiments  be  made 
with  circumfpeCion ;  as  he  had  been  inform¬ 
ed,  by  letters  from  Florence  and  Bologna, 
that  thofe  who  had  made  them  there  had  had 

*  NolJet’s  Letters,  Vol.  ii.  p.  239. 

f  Phil.  Tranf.  Vol.  lii,  pt.  i,  p.  34.2. 
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their  curiofity  more  than  fatisfted  by  the  via- 
lent  fliocks  they  had  fuftained  in  drawing 
fparks  from  an  iron  bar  electrified  by  thunder. 
One  of  his  correfpondents  informed  him,  that 
once,  as  he  was  endeavouring  to  fa  hen  a  fmall 
chain,  with  a  copper  ball  at  one  of  its  extre¬ 
mities,  to  a  great  chain,  which  communicat¬ 
ed  with  the  bar  at  the  top  of  the  building  (in 
order  to  draw  off  the  eledtric  fparks  by  means 
of  the  ofcillations  of  this  ball)  there  came  a 
flaih  of  lightning,  which  he  did  not  fee,  but 
which  affedted  the  chain  with  a  noife  like  that 
of  wild  fire.  At  that  inftant,  the  electricity 
communicated  itfelf  to  the  chain  of  the  copper 
ball,  and  gave  the  obferver  fo  violent  a  com¬ 
motion,  that  the  ball  fell  out  of  his  hands,  and 
he  was  ftruck  backwards  four  or  five  paces. 
He  had  never  been  fo  much  fhocked  by  the 
experiment  of  Leyden  A 

Mr.  Romas  received  a  fevere  ftroke  when 
he  firft  raifed  his  kite  ;  and  Mr.  Dalibard 
fays,  that  Mr,  Monnier,  a  phyfician  of  St. 
Germain  en  Laye,  member  of  the  Academy 
of  Sciences  at  Paris,  and  Mr.  Bertier  of  the 
Oratory  at  Montmorency,  a  correfpondent  of 
the  Academy,  were  both  ftruck  down  by 
ftrokes  of  lightning,  as  they  were  taking  fparks 
from  their  apparatus  f. 

But  the  grcateft  fufferer  by  experiments 
with  lightning,  fince  mankind  have  intro¬ 
duced  fo  dangerous  a  fubj edl  of  their  inqui¬ 
ries,  was  profelTor  Richmari  of  Peterfburgh 

#  Phil.  Tranf.  Vol.  xlviii.  pt.  i.  p.  zcg« 

f  Dalibard’a  Franklin,  Voi.  ii,  p.  129. 
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before  mentioned.  He’  was  ftruck  dead,  oil 
the  6th  of  Auguft  1753?  by  a  flaih  of  light¬ 
ning  drawn  by  his  apparatus  into  his  own 
room,  as  he  was  attending  to  an  experiment 
he  was  making  with  it.  There  were  two  ac¬ 
counts  of  this  fatal  accident  communicated  to 
the  Royal  Society,  one  by  Dr.  Watfon  who 
had  it  from  the  beft  authority  *  ;  and  the 
other  tranflated  from  the  High  Dutch  f* 
From  both  thefe  the  following  is  extra&ed. 

The  profeffor  had  provided  himfelf  with 
an  inftrument  which  he  called  tin  eleffiricai 
gnomon ,  the  ufe  of  which  was  to  ineafure  the 
ftrength  of  electricity*  It  confifted  of  a  rod 
of  metal  terminating  in  a  fmall  glafs  veflel, 
into  which  (for  what  reafon  I  do  not  know) 
he  put  fome  brafs  filings.  At  the  top  of  this 
rod,  a  thread  was  fattened,  which  hung  down 
by  the  fide  of  the  rod  when  it  was  not  elec¬ 
trified  ;  but  when  it  was,  it  avoided  the  rod, 
and  flood  at  a  diftance  from  it,  making  an 
angle  at  the  place  where  it  was  fattened,  To 
ineafure  this  angle,  he  had  the  arch  of  a  qua-* 
drant  fattened  to  the  bottom  of  the  iron 
rod. 

He  was  obferving  the  efleCt  of  the  electri¬ 
city  of  the  clouds,  at  the  approach  of  a  thun¬ 
der  florin,  upon  this  gnomon  ;  and,  of  courfe, 
ftanding  with  his  head  inclined,  towards  it, 
accompanied  by  Mr.  Solokow  (an  engraver. 
Whom  he  frequently  took  with  him,  to  be  a 

*  Phil.  Tranf.  Vol.  xlviii.  pt.  ii.  p.  765. 
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joint  obferver  of  his  electrical  experiments,  in 
order  to  reprefent  them  the  better  in  cuts) 
when  this  gentleman,  who  was  handing  clofe 
to  his  elbow,  obfervecl  a  globe  of  blue  fire,  as 
he  called  it,  as  big  as  his  fiff,  jump  from  the 
rod  of  the  gnomon  towards  the  head  of  the 
profeffor,  which  was,  at  that  inflant,  at  about 
a  foot  difhmce  from  the  rod.  This  flafh  kill* 
ed  Mr.  Richman,  but  Mr.  Solokow  could  give 
no  account  of  the  particular  manner  in  which 
he  was  immediately  affected  by  it :  for,  at 
the  fame  time  that  the  profeffor  was  ftruck, 
there  arofe  a  fort  of  fleam,  or  vapour,  which 
intirely  benumbed  him,  and  made  him  fink 
down  upon  the  ground  ^  fo  that  he  could  not 
remember  even  to  have  heard  the  clap  of  thun¬ 
der,  which  was  very  loud. 

The  globe  of  fire  was  attended  with  a  re¬ 
port  as  loud  as  that  of  a  piftol :  a  wore,  which 
brought  the  electricity  to  his  metal  rod,  was 
broken  to  pieces*  and  its  fragments  thrown 
upon  Mr.  Solokow9s  cloaths.  Half  of  the 
glafs  veffel  in  which  the  rod  of  the  gnomon 
flood  was  'broken  off,  and  the  filings  of 
metal  that  were  in  it  were  thrown  about  the 
room. 

Upon  examining  the  effects  of  the  light¬ 
ning  in  the  profeffbr  s  chamber,  they  found 
the  door-cafe  half  fplit  through,  and  the  door 
torn  off,  and  thrown  into  the  room  They 
opened  a  vein  of  the  bre9.th.lefs  body  twice,  but 
no  blood  followed,  and  endeavoured  to  re- 

#  Phil.  Tranf.  Vol.  xlviii.  pt.  ii.  p.  763.'  | 
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Cover  fenfation  by  violent  chafing,  but  in 
vain.  Upon  turning  the  corpfe  with  the  face 
downwards,  during  the  rubbing,  an  incon- 
iiderable  quantity  of  blood  ran  out  of  the 
mouth.  There  appeared  a  red  fpot  on  the* 
forehead,  from  which  fpirted  fonje  drops  of 
blood  through  the  pores,  without  wounding 
the  ikin.  The  fhoe, belonging  to  the  left  foot 
was  burft  open,  and,  uncovering  the  foot  at 
that  place,  they  found  a  blue  mark  ;  front 
which  it  was  concluded,  that  the  electrical  force 
of  the  thunder,  having  entered  the  head,  made 
its  way  out  again  at  that  foot. 

Upon  the  body,  particularly  on  the  left 
fide,  were  feveral  red  and  blue  fpots,  refern- 
bling  leather  fhrunk  by  being  burnt.  Many 
more  blue  fpots  were  afterwards  vifible  over 
the  whole  body,  and  in  particular  over  the 
back.  That  upon  the  forehead  changed  to  a 
brownifh  red,  but  the  hair  of  the  head  was 
not  finged,  notwithftanding  the  fpot  touched 
fome  of  it.  In  the  place  where  the  fhoe  was 
unripped,  the  docking  was  intire  ;  as  wras  the 
coat  every  where,  the  waiftcoat  only  being 
finged  'on  the  foreflap,  where  it  joined  the 
hinder;  but  there  appeared  on  the  back  of 
Mr.  Solokow’s  coat  long  narrow  freaks, 
as  if  red  hot  wires  had  burned  off  the 
nap,  and  which  could  not  be  well  accounted 


for. 


When  the  body  was  opened  the  next  day, 
twenty-four  hours  after  he  was  {truck,  the 
cranium  was  very  intire,  having  no  fiffure, 
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nor  crofs  opening  ;  the  brain  as  found  as 
it  pofiifaly  could  be,  but  the  tranfparent 
pellicles  of  the  windpipe  were  exceffively 
tender,  gave  way,  and  eafily  rent.  There 
was  fome  extravafated  blood  in  it,  as  like- 
wife  in  the  cavities  below  the  lungS;  thofe 
of  the  breaft  being  quite  found,  but  thofe 
towards  the  back  of  a  brownifh  black  co¬ 
lour,  and  filled  with  more  of  the  above 
mentioned  blood :  otherwife,  none  of  the 
entrails  were  touched  ;  but  the  throat,  the 
glands,  and  the  thin  inteftines  were  all  in¬ 
flamed.  The  finged  leather-coloured  fpots 
penetrated  the  fkin  only.  Twice  twenty- 
four  hours  being  elapfed,  the  body  was  fo  far 
corrupted  that  it  was  with  difficulty  they  got 
it  into  a  coffin  *. 

\ 

t  •  •  i 
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SECTION  XI. 

Observations  on  the  general  state  of 

ELECTRICITY  IN  THE  ATMOSPHERE,  AND 
ITS  MORE  USUAL  EFFECTS, 

ELECTRICIANS,  after  obferving  the 
d  great  quantity  of  eledric  matter  with 
which  the  clouds  are  charged  during  a  thun¬ 
der  ftorm,  began  to  attend  to  the  leffer  quanti¬ 
ties  of  it  which  might  be  contained  in  the 
common  hate  of  the  atmofphere,  and  the 
more  ufual  effeds  of  this  great  and  general 
agent  in  nature.  Mr.  Monnier,  whofe  ob- 
fervations  of  the  eledricity  of  the  air  during  a 
thunder  ftorm  have  been  already  mentioned, 
was  the  firft  who  found  that  there  was  very 
often,  and  perhaps  always,  a  quantity  of  elec¬ 
tric  matter  in  the  atmofphere,  when  there 
was  no  appearance  of  thunder.  This  he  con¬ 
firmed  by  decifive  experiments,  made  at  St. 
Germain  en  Laye,  and  publifhed  in  a  memoir 
read  at  the  Royal  Academy  of  Sciences  at  Paris 
November  the  i  5th,  1752*. 

But  more  accurate  experiments  upon  the 
eledricity  of  the  air  were  made  by  the  Abbe 
Mazeas,  at  Chateau  de  Maintenon,  during 
the  months  of  June,  July,  and  Odober  1753, 
and  communicated  to  the  Royal  Society,  in  a 
letter  to  Dr.  Stephen  Hales. 

*  Phil.  Tranf.  Vol.  xlviii.  pt.  i.  p.  203. 
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The  Abbe’s  apparatus  confifted  of  an  Iron 
rod  370  feet  long,  railed  ninety  feet  above 
the  horizon.  It  came  down  from  a  very  high 
room  in  the  cattle,  where  it  was  fattened  to  a 
filken  cord  fix  feet  long;  and  it  was  carried 
from  thence  to  the  fteeple  of  the  town,  where 
it  was  likewife  fattened  to  another  filken  cord 
of  eight  feet  long,  and  fheltered  from  rain. 
And  a  large  key  was  fufpended,  by  the  end 
of  this  wire,  in  order  to  receive  the  eledric 
fluid. 

On  the  17th  of  June,  when  he  began  his 
experiments,  the  eledricity  of  the  air  was  fen- 
fibly  felt  every  day,  from  fun  rife  till  feven  or 
eight  in  the  evening,  except  in  moift  weather, 
when  he  could  perceive  no  figns  of  eledricity. 
In  dry  weather,  the  wore  attraded  minute 
bodies  at  no  greater  diftance  than  three  or 
four  lines.  He  repeated  the  experiment  care¬ 
fully  every  day,  and  conftantly  obferved,  that, 
in  weather  void  of  ftorms,  the  eledricity  of  a 
piece  of  fealing-wax  of  two  inches  long  was 
above  twice  as  ftrong  as  that  of  the  air.  This 
obferyation  inclined  him  to  conclude,  that  in 
weather  of  equal  drinefs  the  eledricity  of  the 
air  was  always  equal. 

It  did  not  appear  to  him  that  hurricanes 
and  tempefts  increafed  the  eledricity  of  the 
air,  when  they  wrere  not  accompanied  with 
thunder ;  for  that,  during  three  days  of  a 
very  violent  continual  wind,  in  the  month  of 
July,  he  was  obliged  to  put  fome  duft  within 
four  or  five  lines  of  the  condudor,  before  any 
fenfibie  attradion  could  be  perceived. 
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The  direddon  of  the  winds,  whether  Eaft, 
Weft,  North,  or  South,  made  no  feiifible  al¬ 
teration  in  the  eledcricity  of  the  air,  except 
when-  they  were  moift. 

In  the  dried;  nights  of  that  fummer,  he  could 
difcover  no  figns  of  electricity  in  the  air;  but 
it  returned  in  the  morning  when  the  fun  began 
to  appear  above  the  horizon,  and  vanifhed 
again  in  the  evening,  about  half  an4iour  enter 
fun-let. 

The  ftrongeft  common  elediricity  of  the  at- 
mofphere,  during  that  fummer,  was  perceived 
in  the  month  of  July,  on  a  very  dry  day,  the 
heavens  being  very  clear,  and  the  fun  ex¬ 
tremely  hot.  The  diftan.ee  of  ten  or  twelve 
lines  was  then  fufficient  for  the  approach  of 
the  dull  to  the  conductor,  in  order  to  fee  the 
particles  rife  in  a  vertical  direddon,  like  the 
filings  of  iron  on.  the  approach  of  a  magnet. 

On  the  27th  of  June,  at  two  in  the  after¬ 
noon,  he  perceived  fame  ftormy  clouds  rifing  ' 
above  the  horizon,  and  immediately  went  up 
to  his  apparatus ;  and,  having  applied  the 
dull  to  the  key,  it  was  attracted  with  a  force 
which  increafed  in  proportion  as  the  clouds 
reached  the  zenith.  When  they  had  come 
nearly  over  the  wire,  the  dull  was  fo  impetu- 
oufly  repelled,  as  to  be  entirely  fcattered  from 
the  paper.  He  drew  confiderable  fparks  from 
it,  though  there  was  neither  thunder  nor 
lightning.  When  the  ftormy  clouds  were  in. 
the  zenith  of  his  wire,  he  obferved  that  the 
elediricity  was  increafed  to  fuch  a  degree,  that 
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even  the  filken  thread  attracted  light  bodies  at 
the  diftance  of  feven  or  eight  inches. 

These  ftormy  clouds  remained  about  two. 
hours  above  the  horizon,  without  either  thun¬ 
der  or  lightning  ;  nor  did  a  very  heavy  rain 
diminifh  the  electricity,  except  about  the 

end,  when  the  clouds  began  to.  be  difli- 
* 

» 

—  \  • 

Mr.  Rinnersley  obferved,  that  when  the 

air  was  in  its  dried:  Rate,  there  was  always  a 

confiderable  quantity  of  electricity  in  it,  and 

which  might  be  eafily  drawn  from  it.  Let  a 

perfon,  he  fays,  in  a  negative  ftate,  handing 

out  of  doors,  in  the  dark,  when  the  air  is  dry, 

hold,  with  his  arm  extended,  a  long  fharp 

needle,  pointing  upwards,  and  he  will  foon 

be  convinced  that  electricity  may  be  drawn  out 

¥  ¥ 

of  the  air ;  not  indeed  very  plentifully,  for, 
being  a  bad  conductor,  it  feems  loth  to  part 
with  it,  yeti  fome  will  evidently  be  collected. 
The  air  near  the  perfon' s  body,  having  lefs 
than  the  natural  quantity,  will  have  none  to 
fpare hut  his  arm  being  extended,,  as  above, 
fome  will  be  collected  from  the  remoter  air, 
and  will  appear  luminous  as  it  converges  to  the 
point  of  the  needle. 

Let  a  perfon  electrified  negatively,  he  fays, 
prefent  the  point  of  a,  needle  horizontally,  to 
a  cork  ball  fufpended  by  filk,  and  the  ball 
will  be  attracted  towards  the  point,  till  it  has 
parted  with  fo  much  of  its  natural  quantity  ot 
CleCtricity,  as  to  be  in  a  negative  hate,  in  the 

V  , 
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fame  degree  with  the  per  foil  who  holds  the 
needle;  then  it  will  recede  from  the  point, 
being,  as  he  fuppofes,  att rafted  the  contrary 
way  by  the  electricity  of  greater  denfity  in  the 
air  behind  it.  But  as  this  opinion,  he  plea- 
fa  ally  fays,  feems  to  deviate  from  electrical 
orthodoxy ,  he  would  be  glad  to  fee  thefe  phe¬ 
nomena  better  accounted  for  by  the  fuperior 
and  more  penetrating  genius  of  his  friend  Dr, 
Franklin,  to  whom  he  is  writing. 

Whether  the  electricity  in  the  air,  in  clear 
dry  weather,  be  of  the  fame  denfity  at  the 
height  of  200  or  300  yards,  as  near  the  fur- 
face  of  the  earth,  lie  thought  might  be  fatif- 
faftorily  determined  by  Dr.  Franklin’s  old  ex¬ 
periment  of  the  kite. 

The  twine,  he  fays,  fhould  have  through¬ 
out  a  very  fmall  wire  in  it,  and  the  ends  of 
the  wire,  where  the  feveral  lengths  are  unit¬ 
ed,  ought  to  be  tied  down  with  a  waxed 
thread,  to  prevent  their  afting  in  the  man¬ 
ner  of  points. 

When  he  wrote  this  letter,  he  had  tried 
the  experiment  twice,  when  the  air  was  as 
dry  as  it  ever  is  in  that  country,  and  fo  clear, 
that  not  a  cloud  had  been  feen,  and  found  the 
twine  each  time  in  a  fmall  degree  electrified 
pofitively 

The  preceding  obfervations  of  Mr*  Mon- 
trier,  Mr.  Mazeas,  and  Mr.  Kinnerfley,  fall 
far  fhort  of  the  extent  and  accuracy  of  thofe 
of  Signior  Beccaria;  whole  obfervations  on 

*  Phil,  Tranf.  VqI.  Hit.  pt.  i.  p.  87. 
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the  general  ftate  of  eledricity  in  the  atmo- 
fphere  1  have  referved  for  the  laft  place  of  the 
fedion,  becaufe  they  are  the  moft  confiderable 
though  they  were  all  made  independent  of, 
and,  many  of  them,  prior  to  thofe  mentioned 
before.  ^ ' 

He  obferved  that,  during  very  high  winds, 
his  apparatus  gave  no  figns  of  being  eledrifi- 
ed  A  Indeed  he  found  that  in  three  different 
dates  of  the  atmofphere,  he  could  find  no 
eledricity  in  the  air.  i.  In  windy  and  clear 
weather.  2.  When  the  Iky  was  covered  with 
diftind  and  black  clouds,  that  had  a  flow  mo¬ 
tion.  3.  In  moift  weather,  not  adually  rain¬ 
ing 'jn  In  a  clear  Iky,  when  the  weather  was 
calm,  he  always  perceived  figns  of  a  moderate 
eledricity,  but  interrupted.  In  rainy  weather, 
without  lightning,  his  apparatus  was  always 
eledrified.  a  little  time  before  the  rain  fell, 
and  during  the  time  of  the  rain,  but  it  ce ab¬ 
ed  to  be  affeded  a  little  before  the  rain  was 
over.  * 

The  higher  his  rods  reached,  or  his  kites 
flew,  the  ftronger  figns  they  gave  of  their  be¬ 
ing  eledrified  J.  Alfo  longer  firings  or  cords, 
extended  and  infulated  in  the  open  air,  ac¬ 
quired  eledricity  fooner  than  thofe  which 
were  fhorter.  A  cord  1500  Paris  feet  long, 
ftretched  over  the  river  Po,  was  as  flrongly 
eledrified  during  a  ihower,  without  thun¬ 
der,  as  a  metallic  rod,  to  bring  lightning 

*  Lettere  dell’  elettricifmo?  p.  io 6. 
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into  his  houfe,  had  been  in  any  thunder 
florin  *. 

Having  two  rods  for  bringing  the  light¬ 
ning  into  his  houfe,  1 40  feet  afunder,  he  ob~ 
ferved,  that  if  he  took  a  fpark  from  the  higher 
of  them,  the  fpark  from  the  other,  which  was 
thirty  feet  lower,  was  at  that  inftant  leffened ; 
but,  what  is  remarkable,  is  that  its  power  re¬ 
vived  again,  though  he  kept  his  hand  upon 
the  former  f. 

He  imagined  that  the  electricity  communi¬ 
cated  to  the  air  might  fometimes  furnifh  fmall 
fparks  to  his  apparatus  ;  fince  the  air  parts 
with  the  eleftricity  it  has  received  very  flowr- 
ly,  and  therefore  the  equilibrium  of  the  elec¬ 
tric  matter  in  the  air  will  not  be  reftored  fo 
foon  as  in  the  earth  and  clouds  f. 

Among  the  effeCts  of  a  moderate  electricity 
in  the  atmofphere,  Signior  Beccaria  reckons 
rain,  hail ,  and  fnow. 

Clouds  that  bring  rain,  he  thought,  were 
produced  in  the  fame  manner  as  thunder 
clouds,  only  by  a  more  moderate  electricity. 
He  defcribes  them  at  large,  and  the  refem- 
blance  which  ail  their  phenomena  bear  to 
thofe  of  thunder  clouds  is  indeed  very  ftrik- 
Ug  §. 

He  notes  feveral  circumfHnces  attending 
rain  without  lightning,  which  make  it  very 
probable,  that  it  is  produced  by  the  fame  caule 
ias  when  it  is  accompanied  with  lightning. 
Light  has  been  feen  among  the  clouds  by 


*  Lettere  dell’  elettricifino,  p.  165.  f  Ibid.  p.  175. 

X  Ibid.  p.  347.  §  Ibid,  p,  284. 
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night  in  rainy  weather  ;  and  even  by  day 
rainy  clouds  are  fometimes  feen  to  have  a 
brightnels  evidently  independent  of  the  fun  % 
The  uniformity  with  which  the  clouds  are 
fpread,  and  with  which  the  rain  falls,  he 
thought  -were  evidences  of  an  uniform  caufc, 
like  that  of  eleCtricity  f.  The  intenfity  of 
electricity  in  his  apparatus  generally  corre- 
fponded  very  nearly,  to  the  quantity  of  rain 
that  fell  in  the  fame  time  J.  Nor  is  any 
thing  to  be  inferred  to  the  contrary  of  this 
feppofition  from  the  apparatus  not  being  al¬ 
ways  eledxified  during  rain.  It  has  fome¬ 
times  failed  during  thunder.  Indeed  it  fob- 
lows  from  his  general  theory,  that  the  elec-? 
tricity  of  his  apparatus  could  not  always  cor«* 
refpond  to  the  electricity  of  the  clouds;  fince 
it  muft  in  fome  meafure  depend  upon  the  fi- 
tuation  of  the  obfervatory,  with  refpeCt  to 
thofe  parts  of  the  earth  or  clouds  which  are 
giving  or  taking  eleCtric  fire.  This  was  con¬ 
firmed  by  an  obfervation  which  he  made  up¬ 
on  one  thunder  cloud,  which  p ailed  over  his 
obfervatory.  At  its  approach  his  apparatus 
was  eledlrified  pofitively,  'when  it  was  direQ> 
ly  over  him  all  figns  of  eleCtricity  ceafed,  and 
when  it  was  palled,  his  apparatus  was  elec¬ 
trified  negatively  §.  This  obfervation  very 
much  favours  his  general  theory  of  thunder 
clouds. 

Sometimes  all  the  phenomena  of  thunder, 
lightning,  hail,  rain,  fnow,  and  wind,  have 


*  Lettere  dell’  tleurlcifmo,  p.  288. 
t  Ibid.  p.  307.  §  Ibid.  p. 
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been  obferved  at  one  time ;  which  fhows  the 
connection  they  all  have  with  fome  common 
caufe 

Signior  Beccarxa,  therefore,  fuppofes 
that,  previous  to  rain,  a  quantity  of  eleCtric 
matter  efcapes  out  of  the  earth,  in  fome  place 
where  there  was  a  redundancy  of  it;  and,  in 
its  afcent  to  the  higher  regions  of  the  air, 
collects  and  conducts  into  its  path  a  great 
quantity  of  vapours.  The  fame  caufe  that 
collects,  will  condenfe  them  more  and  more  : 
till,  in  the  places  of  the  neareft  intervals,  they 
come  a  1  mo  ft  into  contaCt,  fo  as  to  form  fmall 
drops ;  which  uniting  with  others  as  they 
fall,  come  down,  in  rain.  The  rain  will  be 
heavier  in  proportion  as  the  electricity  is  more 
vigorous,  and  the  cloud  approaches  more 
nearly  to  a  thunder  cloud  f. 

He  imitated  the  appearance  of  clouds  that 
bring  rain  by  infulating  himfelf  between  the 
rubber  and  conductor  of  his  electrical  machine, 
and  with  one  hand  dropping  cokphonia  into  a 
fpoon  fattened  to  the  conductor,  and  holding 
a  burning  coal,  while  his  other  hand  com¬ 
municated  with  the  rubber.  In  thefe  circum- 
ftances  the  fmoke  fpread  along  his  arm,  and, 
by  degrees,  all  over  his  body,  till  it  came  to 
the  other  hand  that  communicated  with  the 
rubber.  The  lower  furface  of  this  fmoke  was 
every  where  parallel  to  his  cloaths,  and  the 
upper  furface  was  fwelled  and  arched  like 
clouds  replete  with  thunder  and  rain  In 

*  Lettere  dell’  elettncifmo,  p.  290.  343%  f  Ibid.  p.  304. 

t  Ibid,  p,  294. 
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this  manner,  he  fuppofes,  the  clouds  that 
bring  rain  diffufe  themfelves  from  over  thofe 
parts  of  the  earth  which  abound  with  eleCtric 
fire,  to  thofe  parts  that  are  exhaufted  of  it ; 
and,  by  letting  fall  their  rain,  reflore  the  equi¬ 
librium  between  mem. 

Signior  Beccaria  thought  that  the  elec¬ 
tricity  communicated  to  the  air,  which  both 
receives  and  parts  with  it  flowly,  would  ac¬ 
count  for  the  retention  of  vapours  in  a  clear 
Iky  ;  for  fmall  disjoined  clouds,  not  difperfed 
into  rain;  for  the  fmaller  and  lighter  clouds 
in  the  higher  regions  of  the  air,  which  are 
but  little  affeCted  by  electricity ;  and  alfo  for 
the  darker,  heavy,  and  fluggifh  clouds  in  the 
lower  regions*  which  retain  more  of  it  *.  The 
degree  of  electricity  which  he  could  commu¬ 
nicate  to  the  air  of  his  room,  notwithftanding 
its  being  in  contact  with  the  floor,  the  walls, 
&c.  made  this  appear  to  him  both  poffihle 
and  probable  j\ 

He  even  imagined,  that  fome  alteration  in 
the  weight  of  the  air  might  be  made  by  this 
eleCtricity  of  it  He  obferved  his  barome¬ 
ter  to  fall  a  little  immediately  upon  a  flafh  of 
lightning  ;  but  he  acknowledges  that  this  cir- 
cumftance  is  no  fufficient  foundation  to  fup- 
pofe'that  electricity  will  account  for  much  va¬ 
riation  of  the  height  of  the  barometer  §.  But 
he  thought  that  the  phenomena  of  rain  favour¬ 
ed  the  fuppofition,  that  the  elc&ric  matter  in 
the  air  did,  in  fome  meafure,  leflen  its  pref- 

*  Letters  dell’  elettricifmo,  p.  3 48,  349. 

t  Ibid,  p,  330.  \  Ibid.  §  Ibid.  p.  353. 
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fare.  For  when  the  eledric  matter  is  actually 
in  the  air,  colleding  and  condenfing  the  va¬ 
pours,  the  barometer  is*  lowed.  When  the 
communication  is  made  between  the  earth  and 
the  clouds  by  the  rain,  the  quickfilver  begins 
to  rife ;  the  qledric  matter,  which  Supported 
part  of  the  preffure,  being  difcharged.  And 
this,  he  fhows,  will  be  the  cafe  whether  the 
electricity  in  the  air  be  pontive  or  ne¬ 
gative  *.  X 

Hail,  this  ingenious  philosopher  fuppofes 
to  be  formed  in  the  higher  regions  of  the  air, 
where  the  cold  is  intenfe,  and  where  the  elec¬ 
tric  matter  is  very  copious.  In  thefe  circum- 
ftances,  a  great  number  of  particles  of  water 
are  brought  near  together,  where  they  are 
frozen,  and  in  their  defcent  colled  other  par¬ 
ticles  :  fo  that  the  denfity  of  the  fubftance  of 
the  hail-done  grows  lefs  and  lefs  from  the 
center ;  this  being  formed  firft,  in  the  higher 
regions,  and  the  fur-face  being  collected  in  the 
lower.  Agreeable  to  this,  it  is  obferved,  that, 
in  mountains,  hail-dones,  as  well  as  drops  of 
rain,  are  very  final! ;  there  being  but  fmall 
fpace  through  which  they  can  fall,  and  there¬ 
by  increafe  their  bulk.  Drops  of  rain  and 
hail  agree  alfo  in  this  circumftance,  that  the 
more  intenfe  is  the  eledricity  that  forms  them, 
the  larger  they  are  f .  Motion  is  known  to 
promote  freezing,  and  fo  the  rapid  motieA  of 
the  eledrified  clouds  may  promote  that  effed 
in  the  air 

* 

*  Lettere  dell’  ellettricifmo,  p.  354.  Ibid,  p.'  3  14. 

X  ibid.  p.  318, 
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Clouds  of  fnow  differ  in  nothing  froiil 
clouds  of  rain,  but  in  the  circumflance  of  cold, 
which  freezes  them.  Roth  the  regular  diffii-1 
fion  of  fnow,  and  the  regularity  in  the  ftruc- 
ture  of  the  parts  of  which  it  confifts  (particu¬ 
larly  fome  figures  of  fnow  or  hail,  which  he 
calls  rofette ,  and  which  fall  about  Turin)  fliow 
the  clouds  of  fnow  to  be  actuated  by  fome  uni¬ 
form  caufe,  like  electricity  He  even  en¬ 
deavours,  very  particularly,  to  fliow  in  what 
manner  certain  configurations  of  fnow  are 
made,  by  the  uniform  aCtion  of  electricity 
All  thefe  conjectures  about  the  caufe  of  hail 
and  fnow  were  confirmed  by  obferving,  that 
his  apparatus  never  failed  to  be  electrified  by 
fnow,  as,  well  as  by  rain. 

A  more  intenfe  electricity  unites  the  par¬ 
ticles  of  hail  more  clofely  than  the  more  mo¬ 
derate  electricity  does  thofe  of  fnow.  In  like 
manner,  we  fee  thunder  clouds  more  denfe 
than  thofe  which  merely  bring  rain,  and  the 
drops  of  rain  are  larger  in  proportion,  though 
they  often  fall  not  from  fo  great  a  height  J. 

I  shall  conclude  this  feCtion  with  obferving* 
that  profeffor  Winthrop  found  his  apparatus 
to  be  ftrongly  electrified  for  feveral  hours, 
while  the  fnow,  which  fell  the  day  before 
(and  which  had  not  electrified  his  apparatus* 
while  it  was  falling)  was  driven  about  by  a 
high  wind  the  fame  he  had  obferved  twice  be¬ 
fore.  Franklin’s  Letters,  new  edition,  p.  494. 

*  Lettere  dell*  ellettriciftno,  p,  320.  322.325. 

t  ibid-  P-  335-  331,  333*  t  Ibid. p.  328. 
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SECTION  XII. 

'  I 

The  attempts  that  have  been  made 

TO  EXPLAIN  SOME  OF  THE  MORE  UN¬ 
USUAL  APPEARANCES  in  the  earth 

AND  HEAVENS  BY  ELECTRICITY* 

i  '  /  * 

IN  the  two  preceding  feCtions  of  this  pe¬ 
riod,  relating  to  the  electricity  of  the  at- 
mofphere,  the  experiments  and  obfervations 
of  Signior  Beccaria  have  made  a  principal 
figure;  and  the  materials  I  have  collected 
from  him  make  a  no  lefs  confiderable  part  of 
this.  They  who  may  have  thought  he  in¬ 
dulged  too  much  to  imagination  before,  will 
think  him  abfolutely  extravagant  here;  but 
his  extravagancies,  if  they  be  fuch,  are  thofe 
of  a  great  genius ;  and  had  he  a  thoufand 
more  fuch  extravagancies,  I  fhould,  with 
pleafure,  have  followed  him  through  them 
all. 

The  meteor,  ufually  called  a  falling  ft ar, 
has  hitherto  puzzled  all  philofophers.  Signior 
Beccaria  makes  it  pretty  evident,  that  it  is  an 
eleCtrical  appearance ;  and  the  faCt  which  he 
relates  as  a  proof  of  it,  is  exceedingly  curious 
and  remarkable. 

As  he  was  one  time  fitting  with  a  friend 
in  the  open  air,  an  hour  after  fun-fet,  they 
faw  what  is  called  a  falling  ftar  directing  its 
courfe  towards  them,  and  apparently  growing 
larger  and  larger,  till  it  difappeared  not  far 

F  f  from 
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from  them ;  when  it  left  their  faces,  hands? 
and  cloaths,  with  the  earth,  and  all  the  neigh- 
touring  objeCts,  fuddenly  illuminated,  with 
a  diffufed  and  lambent  light,  attended  with 
no  noife  at  all.  While  they  were  ftarting  up, 
ftanding,  and  looking  at  one  another,  fur- 
prifed  at  the  appearance,  a  fervant  came  run¬ 
ning  to  them  out  of  a  neighbouring  garden, 
and  afked  them  if  they  had  feen  nothing ;  for 
that  he  had  feen  a  light  Aline  fuddenly  in  the 
garden,  and  efpecially  upon  the  ftreams  which 
he  was  throwing  to  water  it 
All  thefe  appearances  were  evidently  elec¬ 
trical  ;  and  Signior  Beccaria  was  confirmed  in 
his  conjecture,  that  electricity  was  the  caufe 
of  them,  by  the  quantity  of  eleCtric  matter 
which,  as  was  mentioned  before,  he  had  feen 
gradually  advancing  towards  his  kite ;  for 
that,  he  fays,  had  very  much  the  appearance 
of  a  falling  ftar.  Sometimes  alfo  he  faw  a 
kind  of  glory  round  the  kjte,  which  followed 
it  when  it  changed  its  place,  but  left  fome 
light,  for  a  fmall  fpace  of  time,  in  the  place 
which  it  had  quitted  *f. 

That  appearances,  "which  bear  evident 
marks  of  electricity,  have  a  very  fenfible  pro- 
greffive  motion,  is  demonftrated  from  a  variety 
of  meteorological  obfervations.  1  fhall  relate 
one  made  by  Mr.  Chalmers,  when  he  was  on 
board  the  Montague  under  the  command 
of  Admiral  Chambers.  The  account  of  it 

*  Leteere  dell’  elettricifmo,  p.  hi, 

f  Ibid.  p.  130. 
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was  read  at  the  Royal  Society,  March  the  2 2d, 
3749. 

On  the  4th  of  November  1749,  in  Jat. 
42 0  48  long.  90  3'  he  was  taking  an  ob- 
fervation  on  the  quarter-deck,  about  ten  mi¬ 
nutes  before  twelve,  when  one  of  the  quarter- 
matters  defired  he  would  look  to  the  wind¬ 
ward  ;  upon  which  he  obferved  a  large  ball  of 
blue  fire  rolling  on  the  furface  of  firewater,  at 
about  three  miles  diftance  from  them.  They 
immediately  lowered  their  top  fails,  &c.  but 
it  came  down  upon  them  fo  faff  that,  before 
they  could  raife  the  main-tack,  they  obferved 
the  ball  to  raife  almoft  perpendicular,  and  not 
above  forty  or  fifty  yards  from  the  main- 
chains  ;  when  it  went  off  with  an  explofion  as 
if  hundreds  of  cannon  had  been  fired  at  one 
time,  and  left  fo  great  a  fmell  of  brimftone, 
that  the  fhip  feemed  to  be  nothing  but  ful- 
phur.  After  the  noife  was  over,  which,  he 
believed,  did  not  iaft  longer  than  half  afecond, 
they  found  their  main  top-matt  fhattered  into 
above  a  hundred  pieces,  and  the  main  matt 
rent  quite  down  to  the  heeh  There  were  fome 
of  the  fpikes  which  nail  the  fifh  of  the  main- 
matt  drawn  with  fuch  force  out  of  the  r  itt, 
and  they  ftuck  fo  faft  in  the  main-deck,  that 
the  carpenter  was  obliged  to  take  an  iron 
crow  to  get  them  out.  There  were  five  men 
knocked  down,  and  one  of  them  greatly 
burnt  by  the  explofion.  They  believed,  that 
when  the  ball,  which  appeared  to  them  to  be 
of  the  bignefs  of  a  large  mill-ftone,  rofe,  it 
took  the  middle  of  the  main  top-matt,  as  the 
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head  of  the  maft  above  the  hounds  was  not 
fplintered.  They  had  a  hard  gale  of  wind 
from  the  N.  by  W.  to  the  N.  N.  E.  for  two 
days  before  the  accident,  with  a  great  deal  of 
rain  and  hail,  and  a  large  fea.  From  the 
northward  they  had  no  thunder  or  lightning, 
neither  before  nor  after  the  explofion.  The 
ball  came  down  from  the  North-Ead,  and 
went  to  the  South- Weft. 

That  the  Aurora  Borealis  is  an  eleCtrical 
phenomenon  wras,  I  believe  never  difputed, 
from  the  time  that  lightning  was  proved  to  be 
one.  To  the  circumftances  of  refemblance 
which  had  before  been  taken  notice  of  be¬ 
tween  this  phenomenon  and  electricity ; 
Signior  Beccaria  adds,  that  w^hen  the  Aurora 
Borealis  has  extended  lower  than  ufual  into 
the  atmofphere,  various  founds,  as  of  rum¬ 
bling,  and  buffing,  have  been  heard 

Mr.  Bergman  fays,  he  has  often  obferved 
the  magnetic  needle  to  be  difturbed  by  a  high 
aurora  borealis,  but  that  he  could  never  pro¬ 
cure  any  electricity  from  them,  either  with 
pointed  metallic  rods,  or  by  means  of  a 
kite  f. 

Mr.  Canton  (befides  his  conjecture,  men¬ 
tioned  before,  p.  389,  that  the  aurora  bo¬ 
realis  may  be  the  flafhing  of  eleCtric  fire  from 
pofitive  towards  negative  clouds  at  a  great 
diftance,  through  the  upper  part  of  the  at¬ 
mofphere,  where  the  refinance  is  leaft)  fup- 
pofes  that  the  aurora  borealis,  which  happens 

*  Elettricifmo  artificlale  e  naturale,  p.  221. 

f  Ehil.  Tranf,  Vol.  lii.  pt.  ii.  p.  485. 
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at  the  time  that  the  needle  is  difturbed  by  the 
heat  of  the  earth, ,  is  the  electricity  of  the 
heated  air  above  it;  and  this, -he  fays,  will 
appear  chiefly  in  the  northern  regions,  as  the 
alteration  in  the  heat  of  the  air  in  thofe  parts 
will  be  the  greateft.  This  hypothefis,  he 
adds,  will  not  feem  improbable,  if  it  be  con- 
fidered,  that  electricity  is  now  known  to  be 
the  caufe  of  thunder  and  lightning,  that  it  has 
been  extracted  from  the  air  at  the  time  of  an 
aurora  borealis ;  that  the  inhabitants  of  the 
northern  countries  obferve  the  aurora  to  be 
remarkably  ftrong,  when  a  hidden  thaw  hap¬ 
pens  after  fevere  cold  weather ;  and  that  the 
curious  in  thefe  matters  are  now  acquainted 
with  a  fubftance  that  will,  without  friction, 
both  emit  and  abforb  the  eleCtric  fluid,  only 
by  the  increafe  or  diminution  of  its  heat ; 
meaning  the  tourmalin,  in  which  he  had  dif— 
covered  that  property  *. 

In  a  paper,  dated  November  the  iith, 
1754,  he  fays  he  has  fometimes  known  the 
air  to  be  eleCtrical  in  clear  weather,  but  never 
at  night,  except  when  there  has  appeared  an 
aurora  borealis,  and  then  but  to  a  fmall  de¬ 
gree,  which  he  had  feveral  opportunities  of 
obferving  that  year.  How  far  pofitive  and 
negative  electricity  in  the  air,  with  a  proper 
quantity  of  moiflure  between,  to  ferve  as  a 
conductor,  will  account  for  this,  and  other 
meteors,  fometimes  feen  in  a  ferene  fky,  he 
leaves  to  be  inquired  into  f, 

*  Phi!.  Tranf.  Vol.  li.  pt.  i.  p.  403. 

f  ibid.  Vol.  xlviii.  pt.  ii.  p.  784. 
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Signior  Beccaria  takes  feme  pains  to 
fhow  that  water  f pouts  have  an  electrical  ori¬ 
gin.  To  make  this  more  evident,  he  firfc  de- 
feribes  the  circumftances  attending  their  ap¬ 
pearance,  which  are  the  following. 

They  generally  appear  in  calm  weather. 
The  fea  feems  to  boil,  and  fend  up  a  fmoke 
under  them.,  rifmg  in  a  hill  towards  the  fpout. 
At  the  fame  time,  perfons  who  have  been 
near  them  have  heard  a  rumbling  noife.  The 
form  of  a  water  fpout  is  that  of  a  {peaking- 
trumpet,  the  wider  end  being  in  the  clouds, 
and  the  narrower  end  towards  the  fea.  The 
fize  is  various,  even  in  the  fame  fpout.  The 
colour  is  fometimes  inclining  to  white,  and 
fo  me  times  to  black.  Their  pofition,  is  fome¬ 
times  perpendicular  to  the  fea,  fometimes  ob¬ 
lique  ;  and  fometimes  the  fpout  itfelf  is  in  the 
form  of  a  curve.  Their  continuance  is  very 
various,  fome  difappearing  as  foon  as  formed, 
and  fome  continuing  a  confiderable  time. 
One  that  he  had  heard  of  continued  a  whole 
hour.  But  fhey  often  vanifh,  and  prefently 
appear  again  in  the  fame  place 

The  very  fame  things  that  water fpouts  are 
at  fea  are  fome  kinds  of  whirlwinds  and  hur¬ 
ricanes  by  land.  They  have  been  known  to 
tear  up  trees,  to  throw  down  buildings,  make 
caverns  in  the  earth ;  and,  in  all  thefe  cafes, 
to  fcatter  earth,  bricks,  ftones,  timber,  &c.  to 
a  great  difcance  in  every  dire&ion  j\  Great 

#  Elettricifmo  artifaciale  e  naturale,  p.  206,  &c. 

f  Ibid,  p.  210. 
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quantities  of  water  have  been  left,  or  raifed 
by  them,  fo  as  to  make  a  kind  of  deluge ; 
and  they  have  always  been  attended  with  a 
prodigious  rumbling  noife. 

That  thefe  phenomena  depend  upon  elec¬ 
tricity  cannot  but  appear  very  probable  from 
the  nature  of  feveral  of  them  ;  but  the  con¬ 
jecture  is  made  more  probable  from  the  fol¬ 
lowing  additional  circumftances.  They  ge¬ 
nerally  appear  in  months  peculiarly  fubjeCt  to 
thunder  ftorms,  and  are  commonly  preceded, 
accompanied,  or  followed  by  lightning,  rain, 
or  hail ;  the  previous  ftate  of  the  air  being 
fimilar.  Whitifh  or  yellowifh  dailies  of  light 
have  fometimes  been  feen  moving  with  prodi¬ 
gious  fwiftnefs  about  them.  And,  laftly,  the 
manner  in  which  they  terminate  exactly  re- 
fembles  what  might  be  expected  from  the  pro¬ 
longation  of  one  of  the  uniform  protuberances 
of  ele  ft  rifled  clouds,  mentioned  before,  to¬ 
wards  the  fea  ;  the  water  and  the  cloud  mu¬ 
tually  attracting  one  another  :  for  they  fud- 
denly  contract  themfelves,  and  difperfe  almoit 
at  once ;  the  cloud  rifmg,  and  the  water  of 
the  fea  under  it  falling  to  its  level.  But  the 
m oft  remarkable  circumftance,  and  the  1110ft 
favourable  to  the  fuppofttion  of  their  depend¬ 
ing  upon  electricity  is,  that  they  have  been 
difperfed  by  prefenting  to  them  fharp  pointed 
knives  or  fwords.  This,  at  leaft,  is  the  con- 
ftant  practice  of  mariners,  in  many  parts 
of  the  world  where  thefe  water  fpouts  abound ; 
and  he  was  a  (lured  by  feveral  of  them,  that 
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the  method  has  often  been  undoubtedly  effec¬ 
tual  *. 

The  analogy  between  the  phenomena  of 
water  fpouts  and  electricity,  he  fays*  may  be 
made  vifible,  by  hanging  a  drop  of  water  to 
a  wire  communicating  with  the  prime  con¬ 
ductor,  and  placing  a  veftel  of  water  under  it. 
In  thefe  circumftances,  the  drop  affumes  all 
the  various  appearances  of  a  water  fpout,  both 
in  its  rife,  form,  and  manner  of  difappearing. 
Nothing  is  wanting  but  the  fmoke,  which 
may  require  a  great  force  of  electricity  to  be¬ 
come  vifible. 

Mr.  Wilcke  alfo  confiders  the  water  fpout 
as  a  kind  of  great  eleCtrical  cone,  raifed  be¬ 
tween  the  cloud  ftrongly  electrified,  and  the 
fea  or  the  earth  f ,  and  he  relates  a  very  re¬ 
markable  appearance  which  occurred  to  him- 
felf,  and  which  ftrongly  confirms  his  fuppoft- 
tion.  On  the  2cth  of  July  1758,  at  three 
o’clock  in  the  afternoon,  he  obferved  a  great 
quantity  of  duft  rifing  from  the  ground,  and 
covering  a  field,  and  part  of  the  town  in 
which  he  then  was.  There  was  no  wind, 
and  the  duft  moved  gently  towards  the  Eaft, 
where  there  appeared  a  great  black  cloud, 
which,  when  it  was  near  his  zenith,  electrifi¬ 
ed  his  apparatus  pofitiveiy,  and  to  as  great  a 
degree  as  ever  he  had  obferved  it  to  be  done 
by  natural  electricity.  This  cloud  pafled  his 
zenith,  and  went  gradually  towards  the  Weft, 
the  duft  then  following  it,  and  continuing  to 

*  EJettricifmo  artificiale  e  naturale,  p.  213. 

f  Wilcke,  p.  142. 
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rife  higher  and  higher  till  it  compofed  a  thick 
pillar,  in  the  form  of  a  fugar-loaf,  and  at 
length  teemed  to  be  in  contact  with  the  cloud. 
At  fome  diftance  from  this,  there  came,  in 
the  fame  path,  another  great  cloud,  together 
with  a  long  ftream  of  fmaller  clouds,  moving 
fafter  than  the  preceding.  Thefe  clouds  elec¬ 
trified  his  apparatus  negatively,  and  when 
they  came  near  the  pofitive  cloud,  a  flafh  of 
lightning  was  feen  to  dart  through  the  cloud 
of  duft,  the  pofitive  cloud,  the  large  negative 
cloud,  and  as  far  as  the  eye  could  diftinguifli, 
the  whole  train  of  fmaller  negative  clouds 
which  followed  it.  Upon  this,  the  negative 
clouds  fpread  very  much,  and  diifolved  in 
rain,  and  the  air  was  prefently  clear  of  all  the 
duft.  The  whole  appearance  lafted  not  above 
half  an  hour 

To  Signior  Beccaria’s  theory  of  water  fpouts 
and  hurricanes,  I  fhall  add  a  defcription  of  a 
hurricane  in  the  Weft  Indies,  from  the  Ac¬ 
count  of  the  European  Settlements  in  America , 
part  of  which  is  tranfcribed  from  the  Philo¬ 
sophical  Tranfadlions.  Both  were  evidently 
written  without  the  moft  diftant  view  to  any 
philofophical  theory,  and  leaft  of  all  that  of 
ele&ricity ;  and  yet  thofe  who  are  difpofed  to 
favour  this  hypothefis  may  perceive  feveral  cir- 
cumftances,  which  tend  to  ftrengthen  it.  I 
need  not  point  them  out. 

“  It  is  in  the  rainy  feafon,  principally  in 
the  month  of  Auguft,  more  rarely  in  July 

*  Remarks  on  Dr.  Franklin’s  Letters,  p.  348. 
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Cff  and  September,  that  they  are  affaulted  by 
44  hurricanes ,  the  moil  terrible  calamity  to 
44  which  they  are  fubjedt  from  the  climate. 
44  This  deftroys,  at  one  ftroke,  the  labour  of 
C4  many  years,  and  fruftrates  the  moil  exalt- 
44  ed  hopes  of  the  planter ;  and  often  juft  at 
Ci  the  moment  when  he  thinks  himfelf  out  of 
44  the  reach  of  fortune.  It  is  a  hidden  and 
44  violent  ftorm  of  wind,  rain,  thunder,  and 
44  lightning;  attended  with  a  furious  dwelling 
44  of  the  fea,  and  fometimes  with  an  earth- 
44  quake;  in  fhort,  with  every  circumftance 
44  which  the  elements  can  affemble  that  is'ter- 
€4  rible  and  deftructive. 

44  First  they  fee,  as  a  prelude  to  the  en- 
44  fuing  havock,  whole  fields  of  fugar  canes 
44  whirled  into  the  air,  and  fcattered  over  the 
44  face  of  the  country.  The  ftrongeft  trees  of 
44  the  foreft  are  torn  up  by  the  roots,  and 
44  driven  about  like  ftubble.  Their  wind- 
44  mills  are  fwept  away  in  a  moment.  Their 
44  works,  their  fixtures,  the  ponderous  copper 
44  boilers  and  ftills,  of  feveral  hundred  weight, 
44  are  wrenched  from  the  ground,  and  batter- 
44  ed  to  pieces.  Their  houfes  are  no  protec- 
44  tion  :  the  roofs  are  torn  off  at  one  blaft, 
44  whilft  the  rain,  which  in  an  hour  rifes  five 
44  feet,  rufhes  in  upon  them  with  an  irrefiftible 
44  violence. 

44  There  are  figns,  which  the  Indians  of 
44  thefe  iflands  taught  our  planters,  by  which 
44  they  can  prognofticate  the  approach  of  a 
44  hurricane.  It  comes  on  either  in  the  quar- 
44  ters,  or  at  the  full  or  change  of  the  moon. 

If 


HURRICANES.  443 

If  it  will  come  on  at  the  full  moon,  you  be- 
u  ing  at  the  change,  obferve  thefe  figns. 

“  That  day  you  will  fee  the  Iky  very  turbu- 
“  lent.  You  will  obferve  the  fun  more  red 
“  than  at  other  times.  You  will  perceive  a 
“  dead  calm*  and  the  hills  clear  of  all  thofe 
u  clouds  and  mills  which  ufuaily  hover  about 
“  them.  In  the  clefts  of  the  earth,  and  in 
tc  the  wells,  you  will  hear  a  hollow  rumbling 
u  found,  like  the  rulhing  of  a  great  wind.  At 
“  night  the  liars  feem  much  larger  than  ufual, 

“  and  furrounded  with  a  fort  of  burs.  The 
<c  North-weft  iky  has  a  black  and  menacing 
look,  and  the  lea  emits  a  llrong  fmell,  and 
“  rifes  into  vaft  waves,  often  without  any 
u  wind.  The  wind  itfelf  now  forfakes  its 
“  ufual  Heady  Eallerly  llream,  and  fhifts 
<c  about  to  the  Weft;  from  whence  it  fome- 
<c  times  blows,  with  intermiffions,  violent- 
u  ly  and  irregularly,  for  about  two  hours 
u  at  a  time.  You  have  the  fame  figns  at  the 
u  full  of  the  moon.  The  moon  itfelf  is  fur- 
u  rounded  with  a  great  bur,  and  fometimes 
“  the  fun  has  the  fame  appearance*.” 

The  firft  perfon  who  advanced  that  earth¬ 
quakes  were  probably  caufed  by  eledlricity, 
was  Dr.  Stukeley,  upon  occafion  of  the 
earthquakes  at  London,  on  February  the  8th, 
and  on  March  the  8th,  1749;  and  another 
which  affedted  various  other  parts  of  England, 
the  center  being  about  Daventry  in  Northamp- 

*  Account  of  the  European  Settlements  in  America,  Vol.  il. 
p*  96,  &c.  Phil.  Tranf.  abridged,  Vol.  ii.  p.  106. 
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tonfhire,  on  the  30th  of  September  1750. 
The  papers  which  the  Doctor  delivered  to  the 
Royal  Society  on  thefe  occafions,  and  which 
were  read*  March  the  2 2d,  1749,  and  Decem¬ 
ber  the  6th,  1750,  well  defer ve  the  attention 
of  all  philofophers  and  electricians.  1  fliall 
here  give  the  fubftance  of  both  ;  only  abridg¬ 
ing,  and  differently  arranging  the  materials 
of  them. 

That  earthquakes  are  not  owing  to  fub- 
terraneous  winds,  fires,  vapours,  or  any  thing 
that  occafions  an  explofion,  and  heaves  up 
the  ground,  he  thought  might  eafily  be  con¬ 
cluded  from  a  variety  of  circumftances.  In  the 
firft  place,  he  thought  there  was  no  evidence 
of  any  remarkable  cavernous  ftrudture  of  the 
earth  ;  but  that,  on  the  contrary,  there  is 
rather  reafon  to  prefume,  that  it  is,  in  a  great 
meafure,  folid ;  fo  as  to  leave  little  room  for 
internal  changes  and  fermentations  within  its 
fubftance;  nor  do  coal-pits,  he  fays,  when  on 
lire,  ever  produce  any  thing  refembling  an 
earthquake. 

In  the  fecond  earthquake  at  London,  there 
was  no  fuch  thing  as  fire,  vapour,  fmoke, 
fmell,  or  an  eruption  of  any  kind  qbferved, 
though  the  fhock  affedted  a  circuit  of  thirty 
miles  in  diameter.  This  confideration  alone, 
of  the  extent  of  furface  fliaken  by  an  earth¬ 
quake,  he  thought  was  fufficient  to  overthrow 
the  fuppofition  of  its  being  owing  to  the  ex- 
panfion  of  any  fubterraneous  vapours.  For  it 
could  not  poflibly  be  imagined,  that  fo  im- 
menfe  a  force,  as  could  adt  upon  that  compafs 
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of  ground  inftantaneoufly  fhould  never  break 
the  furface  of  it,  lb  as  to  be  difcoverable  to  the 
fight  or  fmell ;  when  fmall  fire  balls,  burfting 
in  the  air,  have  inftantly  propagated  a  ful- 
phureous  fmell  all  around  them,  to  the  dif- 
tance  of  feveral  miles. 

Besides,  the  operation  of  this  great  fer¬ 
mentation,  and  production  of  elaftic  vapours, 
&c.  ought  to  be  many  days  in  continuance, 
and  not  inftantaneous  ;  and  the  evaporation  of 
fuch  a  quantity  of  inflammable  matter  would 
require  a  long  fpace  of  time. 

He  thought  that  if  vapours  and  fubterrane- 
ous  fermentations,  explofions,  and  eruptions 
were  the  caufe  of  earthquakes,  they  would 
abfolutely  ruin  the  whole  fyftem  of  fprings 
and  fountains  wherever  they  had  once  been  : 
which  is  quite  contrary  to  fad,  even  where 
they  have  been  frequently  repeated.  Men¬ 
tioning  the  great  earthquake  which  happened 
A.  D.  17,  when  no  lefs  than  thirteen  great 
cities  of  Alia  Minor  were  deftroyed  in  one 
night,  and  which  may  be  reckoned  to  have 
fhaken  a  mafs  of  earth  300  miles  in  diameter, 
he  afks,  How  can  we  poflibly  conceive  the  ac¬ 
tion  of  any  fubterraneous  vapours  to  produce 
fuch  an  effed  fo  inftanteoufly  ?  How  came  it 
to  pafs,  that  the  whole  country  of  Alia  Minor 
was  not  at  the  fame  time  deftroyed,  its  moun¬ 
tains  reverfed,  its  fountains  and  fprings  bro¬ 
ken  up,  and  ruined  for  ever,  and  the  courfe 
of  its  rivers  quite  changed?  Whereas,  nothing 
fuffered  but  the  cities.  There  was  no  kind  of 
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alteration  in  the  furface  of  the  country,  which, 
indeed,  remains  the  fame  to  this  day. 

To  make  the  hypothefis  of  fubter raucous 
vapours,  &c.  being  the  caufe  of  earthquakes 
the  more  improbable,  he  obferves,  that  any 
fubterraneous  power,  fufficient  to  move  a  fur- 
face  of  earth  thirty  miles  in  diameter,  as  in 
the  earthquakes  which  happened  at  London, 
mu  ft  be  lodged  at  leaft  fifteen  or  twenty  miles 
below  the  furface  of  the  earth,  and  therefore 
mu  ft  move  an  inverted  cone  of  folid  earth, 
whofe  bafts  is  thirty  miles  in  diameter,  and 
axis  fifteen  or  twenty  miles ;  an  effedt  which, 
he  fays,  no  natural  power  could  produce. 

Upon  the  fame  principle,  the  fubterraneous 
caufe  of  the  earthquake  in  Afia  Minor  mu  ft 
have  moved  a  cone  of  earth  of  300  miles  in 
hafe,  and  200  in  the  axis;  which,  he  fays, 
all  the  gun-powder  which  has  ever  been  made 
iince  the  invention  of  it  would  not  have  been 
able  to  ftir,  much  lefs  any  vapours,  which 
could  be  fuppofed  to  be  generated  fo  far  below 
the  furface. 

It  is  not  upon  the  principles  of  any  fubter¬ 
raneous  explofion  that  we  can,  in  the  leaft, 
account  for  the  manner  in  which  fhips,  far 
from  any  land,  are  affected  during  an  earth¬ 
quake  ;  which  feem  as  if  they  ftruclc.  upon  a 
rock,  or  as  if  fomething  thumped  againft  their 
x  bottoms .  Even  the  fifties  are  affedted  by  an 
earthquake.  The  ftroke,  therefore,  muft  be 
occafioned  by  fomething  that  could  communi¬ 
cate  motion  with  unfpeakably  greater  velocity 
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than  any  heaving  of  the  earth  under  the  fea, 
by  the  elafticity  of  generated  vapours.  This 
could  only  produce  a  gradual  fwell,  and  could 
never  give  fuch  an  impulfe  to  the  water,  as 
would  make  it  feel  like  a  ftone. 

Comparing  all  thefe  circumftances,  Dr. 
Stukeley  fays,  he  had  always  thought,  that 
an  earthquake  was  an  eleCtrical  fhock,  of  the 
fame  nature  with  thofe  which  are  now  become 
familiar  in  electrical  experiments.  And  this 
hypothdis  he  thought  was  confirmed  by  the 
phenomena  preceding  and  attending  earth¬ 
quakes,  particularly  thofe  which  occafioned 
this  publication. 

The  weather,  for  five  or  fix  months  before 
the  fir  ft  of  thefe  earthquakes,  had  been  dry 
and  warm  to  an  extraordinary  degree,  the 
wind  generally  South  and  South- Weft,  and 
that  without  rain ;  fo  that  the  earth  mull  have 
been  in  a  ftate  of  electricity  ready  for  that  par¬ 
ticular  vibration  in  which  electrification  con- 
fifts.  On  this  account,  he  obferves,  that  the 
Northern  regions  of  the  world  are  but  little 
fubjeT  to  earthquakes  in  comparifon  with  the 
Southern,  where  the  warmth  arid  drynefs  of 
the  air,  fo  neceffary  to  electricity,  are  com¬ 
mon.  All  the  flat  country  of  Lincolnfhire 
before  the  earthquake  in  September,  though, 
underneath  it  is  a  watery  bog,  yet,  through 
the  whole  preceding  fummer  and  autumn  (as 
they  can  have  no  natural  fprings '  in  fuch  a 
level),  the  drought  had  been  fo  great  on  the 
furface  of  the  earth,  that  the  inhabitants  were 
obliged  to  drive  their  cattle  feveral  miles  to 

water. 
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water.  This,  he  fays,  (hows  how  fit  the  dry 
furface  was  for  an  eledrical  vibration ;  and  al- 
fo,  which  is  of  great  importance,  that  earth¬ 
quakes  reach  but  very  little  below  the  furface 
of  the  earth. 

Before  the  earthquake  at  London,  all  ve¬ 
getables  had  been  uncommonly  forward.  At 
the  end  of  February,  in  that  year,  all  forts  of 
garden  fluff,  fruits,  flowers,  and  trees  were 
obferved  to  be  as  forward  as,  in  other  years, 
about  the  middle  of  April;  and  eledricity  is 
well  known  to  quicken  vegetation. 

The  aurora  borealis  had  been  very  fre¬ 
quent  about  the  fame  time,  and  had  been 
twice  repeated  juft  before  the  earthquake,  of 
fuch  colours  as  had  never  been  feen  before.  It 
had  alfo  removed  to  the  South,  contrary  to 
what  is  common  in  England  ;  fo  that  fome 
Italians,  and  people  from  other  places  where 
earthquakes  are  frequent,  obferving  thefe 
lights,  and  the  peculiar  temperature  of  the 
air,  did  adually  foretell  the  earthquake.  For 
a  fortnight  before  the  earthquake  in  Septem¬ 
ber,  the  weather  was  ferene,  mild,  and  calm ; 
and,  one  evening,  there  was  a  deep  red  Au¬ 
rora  Borealis,  covering  the  cope  of  heaven, 
very  terrible  to  behold. 

The  whole  year  had  been  exceedingly  re¬ 
markable  for  fire-balls,  thunder,  lightning, 
and  corufcations,  almoft  throughout  all  Eng¬ 
land.  Fire  balls  were  more  than  once  feen  in 
Ireland  and  Lincolnfhire,  and  particularly  ob¬ 
ferved.  And  all  thefe  kinds  of  meteors,  the 
Dodtor  fays,  are  rightly  judged  to  pro- 
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ceed  from  the  electrical  ftate  of  the  atmo- 
fphere. 

In  thefe  previous  circumftances  of  the  ftate 
of  the  earth  and  air,  nothing,  he  fays,  is 
wanting  to  produce  the  wonderful  effect  of  an 
earthquake,  but  the  touch  of  fome  non-elec¬ 
tric  body,  which  muft  neceffarily  be  had  ah 
extra ,  from  the  region  of  the  air,  or  atmo- 
fphere.  Hence,  he  infers  that,  if  a  non-elec¬ 
tric  cloud  difcharge  its  contents  upon  any 
part  of  the  earth  in  that  highly  electrical  ftate, 
an  earthquake  muft  neceffarily  enfue.  As  the 
difcharge  from  an  excited  tube  produces  a 
commotion  in  the  human  body,  fo  the  dif~ 
charge  of  eleCtric  matter  from  the  compafs  of 
many  miles  of  folid  earth  muft  needs  be  an 
earthquake,  and  the  fnap  from  the  contadt  be 
the  horrid  uncouth  noife  attending  it. 

The  Dodtor  had  been  informed,  by  thofe 
who  were  up  and  abroad  the  night  preceding 
the  earthquake,  and  early  in  the  morning, 
that  corufcations  in  the  air  were  extremely 
frequent  ;  and  that,  a  little  before  the  earth¬ 
quake,  a  large  and  black  cloud  fuddenly  co¬ 
vered  the  atmofphere,  which  probably  occa- 
fioned  the  ffiock,  by  the  difcharge  of  a  (bower. 
Dr.  Childrey,  he  fays,  obferves,  that  earth¬ 
quakes  are  always  preceded  by  rain,  and 
Hidden  tempefts  of  rain  in  times  of  great 
drought, 

A  sound  was  obferved  to  roll  from  the 
river  Thames  towards  Temple  Bar,  before 
the  houfes  ceafed  to  nod,  juft  as  the  ele&rical 
fnap  precedes  the  (hock.  This  noife,  an  ob- 

G  g  ferver 


450  The  THEORY  of 

ferver  faid,  was  much  greater  than  any  he  had 
ever  heard.  Others,  who  write  upon  earth¬ 
quakes,  commonly  obferve,  that  the  noife 
precedes  the  fhock :  whereas  it  muft  have  been 
quite  the  contrary,  if  the  eoncuffion  had  de¬ 
pended  upon  a  fubterraneous  eruption.  This 
noife  attending  earthquakes,  the  DoCtor 
thought,  could  not  be  accounted  for,  but 
upon  the  principles  of  electricity.  The  earth¬ 
quake  in  September  was  attended  with  a  rufh- 
mg  noife,  as  if  houfes  were  falling,  and 
people,  in  fome  places,  were  fa  univerfally 
frighted,  as  to  run  out  of  their  houfes,  ima¬ 
gining  that  their  own,  and  thofe  of  their 
neighbours  were  tumbling  on  their  heads.  In 
fome  villages,  the  people,  being  at  divine  fer-* 
vice,  were  mueh  alarmed  with  the  noife ;  which 
they  faid,  beyond  all  comparifon,  exceeded  all 
the  thunder  they  had  ever  heard. 

The  flames  and  fulphureous  fmells,  which 
are  fometimes  obferved  during  earthquakes, 
the  DoCtor  thought  were  more  eafily  account¬ 
ed  for,  from  the  fuppofltion  of  their  being 
eleCtrical  phenomena,  than  from  their  being 
occafioned  by  the  eruption  of  any  thing  from 
the  bowels  of  the  earth. 

The  impreffion  made  by  an  earthquake 
upon  land  and  water,  to  the  greateft  distances 
is,  as  was  obferved  before,  inftantaneous, 
which  could  only  be  effected  by  electricity. 
In  the  earthquake  in  September,  the  concuf- 
fion  was  felt  through  a  fpace  of  100  miles  in 
length,  and  forty  in  breadth;  and,  as  far  as 
could  be  judged,  at  the  fame  inftant  of  time. 

That 
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‘That  this  trad;  of  ground,  which  amounted 
to  4000  fquare  miles  in  furface,  fhould  be 
thrown  into  fuch  agitation  in  a  moment,  is 
fuch  a  prodigy,  the  Dodor  fays,  as  we  could 
never  believe,  or  conceive,  did  we  not  know 
it  to  be  fad  from  our  fenfes.  But  if  we  feek 
the  folution  of  it,  we  cannot  think  any  na¬ 
tural  power  equal  to  it  but  that  of  eledricity, 
which  acknowledges  no  fenfible  tranfition  of 
time,  no  bounds. 

The  little  damage  generally  done  by  earth¬ 
quakes,  the  Dodor  thought  to  be  an  argument 
of  their  being  occafioned  by  a  Ample  vibra¬ 
tion,  or  tremulous  motion  of  the  furface  of 
the  earth,  by  an  eledrical  lhap.  This  vibra¬ 
tion,  he  fays,  imprefled  on  the  water,  meet¬ 
ing  with  the  folid  bottoms  of  fhips  and  light¬ 
ers,  occafions  that  thump  w7hich  is  faid  to  he 
felt  by  them  :  yet,  of  the  millions  of  ordinary 
houfes,  over  which  it  paffed,  not  one  fell.  A 
’consideration  which  fufficiently  points  out 
what  fort  of  a  motion  this  was  not;  alfo  what 
fort  of  a  motion  it  was,  and  whence  derived  ; 
not  a  convulfion  in  the  bowels  of  the  earth, 
but  an  uniform  vibration  along  its  furface, 
like  that  of  a  mufical  fixing,  or  what  we  put 
a  drinking-glafs  into,  by  rubbing  one’s  finger 
on  the  edge ;  which  yet,  being  brought  to  a 
certain  pitch,  breaks  the  glafs ;  undoubtedly, 
he  adds,  an  eledrical  repulfion  of  its  parts. 

T  hat  earthquakes  are  eledrical  pheno¬ 
mena,  is  farther  evident,  he  fays,  from  their 
chiefly  afreding  the  fea-coaft,  places  along 
rivers,  and,  I  may  add,  eminences.  The 
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earthquake  In  September  fpread  moftly  to  the 
North  and  South,  which'  the  DoCtor  fays  is 
the  direction  of  the  Spalding  river,  whereby 
it.  was  conveyed  to  the  fea  fhore,  where  it  was 
particularly  fenfible  ;  thence  up  Bofton  chan¬ 
nel,  and  i'o  up  Bofton  river  to  Lincoln.  The 
greateft  part  of  this'  earthquake  difplayed  its 
effects  along,  and  between  the  two  rivers 
Welland  and  Avon,  and  that  from  their 
fources  down  to  their  mouths.  It  likewife 
reached  the  river  Witham,  which  directed  the 
electrical  ft.  re  am  that  way  alfo  to  Lincoln; 
for  which'  reafon,  meeting  the  fame  coming 
from  Bofton,  it  was  moft  fenfibly  felt  there. 
It  reached,  likewife,  to  the  Trent  at  Notting¬ 
ham,  which  conveyed  It  to  Newark. 

The  fir  it  elefhdcal  ftroke  in  this  earth¬ 
quake  feemed  to  the  Doctor  to  have  been 
made*  on  the  high  ground  about  Daventry,  in 
Northamptonfhire.  From  thence  it  defcend- 
ed  chiefly  Eaftward,  and  along  the  river  Wel¬ 
land,  from  Harborough  to  Stamford,  Spald¬ 
ing,  and  the  fea;  and  along  the  rivers  Avon 
and  Nen  to  Northampton,  Peterborough* 
Wifbich,  and  the  fe$.  It  fpread  itfelf  all  over 
the  vaft  level  of  the  He  of  Ely,  promoted  by 
a  great  number  of  canals,'  natural  and  artifici¬ 
al,  made  for  draining  that  country.  It  was 
flill  conduced  Eaftward,  by  Mildenhall  river 
in  Suffolk,  to  Bury,  and  the  parts  adjacent. 
All  thefe  cfrcumftances  duly  coniidered  were 
to  him  a  confirmation  of  the  dodrine  he  ad¬ 
vanced  on  this  fubjeCL 

x  Lastly, 
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Lastly,  the  DoCtor  adds,  as  a  farther 
argument  in  favour  of  his  hypothesis,  that 
pains  in  the  hack,  rheumatic,  hyfteric,  and 
nervous  cafes;  head-aches,  cholics,  &c.  were 
felt  by  many  people  of  weak  conftitutions, 
for  a  day  or  two  after  the  earthquake;  juft  as 
they  would  after  electrification  ;  and,  to  home, 
thefe  diforders  proved  fatal. 

In  what  manner  the  earth  and  atmofphere 
are  put  into  that  electrical  and  vibratory  ftate, 
which  prepares  them  to  give  or  receive  that 
fnap  and  Chock,  which  we  call  an  earthquake, 
and  whence  it  is  that  this  eleCtric  matter 
comes,  the  Doctor  does  not  pretend  to  fay,  hut 
thinks  it  as  difficult  to  account  for  as  magne- 
tifm,  gravitation,  mufcular  motion,  and  many 
other  fecrets  in  nature  *. 

To  thefe  obfervations  of  Dr.  Stukeley,  I  fhall 
add  feme  circumftanc.es  which  were  obferved 
by  Dr.  Hales,  in  the  earthquake  at  London,! 
on  March  the  8th,  17495  as  tending  to 
ftrengthen  the  hypothefis  of  its  being  caufed 
by  electricity ;  though  the  DoCtor,  who  re¬ 
lates  them,  thought  that  the  eleCtric  appear¬ 
ances  were  only  occafioned  by  the  great  agita¬ 
tion  which  the  eleCtric  fluid  was  put  into, 
by  the  fhock  of  fo  great  a  mafs  of  the 
earth. 

At  the  time  of  the  earthquake,  about 
twenty  minutes  before  fix  in  the  morning, 
the  DoCtor,  being  awake  in  bed,  on  a  ground 
floor,  at  a  houfe  near  the  church  of  St.  Mar- 

*  Phil.  Tranf.  abridged,  Vol.  x.  p.  526.  534,  and  p.  541. 
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tin’s  in  the  Fields,  very  feafibly  felt  his  bed 
heave,  and  heard  an  ohfcure  milling  noife  in 
the  ho ufe,  which  ended  in  a  loud  explofion 
up  in  the  air,  like  that  of  a  fmall  cannon., 
The  whole  duration,  from  the  beginning  to, 
the  end,  feeming  to  be  about  four  feconds. 

This  great  noife,  the  Doctor  conjedtured, 
was  owing  to  the  milling,  or  hidden  expan- 
lion  of  the  eledtric  fluid  at  the  top  of  St.  Mar¬ 
tin’s  fpire,  where  ail  the  electric  effluvia, 
which  afeended  along  the  large  body  of  the 
tower,  being  ftrongly  condenfed,  and  acce¬ 
lerated  at  the  point  of  the  weathercock,  as; 
they  ruihed  off,  made  fo  much  the  louder  ex¬ 
pand  ve  explofion. 

The  Bodfor  farther  fays,  that  the  foldiers, 
who  were  upon  duty  in  St.  James’s  park,  and 
other  perfons  who  were  then  up,  faw  a 
blackifh  cloud,  and  a  confiderable  lightning, 
juft  before  the  earthquake  began 

Mr*  art  man  is  of  opinion  that  elec¬ 
tricity  is  the  caufe  of  earthquakes,  and  gives 
a  fuccindt  enumeration  of  all  the  circumftances 
which  favour  this  liypothefis 

My  reader,  wTho  has  feen  to  how  great  an 
extent  Signior  Beccaria  has  already  carried  the 
principles  of  eledricity,  will  have  no  doubt 
but  that  he  fuppofes  earthquakes  to  be  derived 
from  that  caufe.  And  indeed,  without  any 
knowledge  of  what  Dr.  Stukeley  had  done,  he 
did  fuppofe  them  to  be  electrical  phenomena  \ 
but,  contrary  to  the  Dodtor,  imagined  th.e 

*  Phil.  Tranf.  abridged,  Vol,  x.  p.  540,  541. 
f  Abhandlung,  p.  1480 
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eteCtric  matter  which  occafioned  them  to  be 
lodged  deep  in  the  bowels  of  the  earth,  agree¬ 
able  to  his  hypothecs  concerning  the  origin 
of  lightning. 

It  is  certain  that  if  Signior  Beccaria5s  ac- 
count  of  the  origin  of  thunder  clouds  be  ad¬ 
mitted,  there  will  be  little  difficulty  in  admit¬ 
ting  farther,  that  earthquakes  are  to  be  reckon¬ 
ed  among  the  effects  of  electricity.  For  if  the 
equilibrium  of  the  eleCLric  matter  can,  by  any 
means,  be  loft  in  the  bowels  of  the  earth ;  fo 
that  the  beft  method  of  reftoring  it  fhall  be  by 
the  fluid  burfting  its  way  into  the  air,  and 
t  raver  ft  ng  feveral  miles  of  the  atmofphere  to 
come  to  the  place  where  it  is  wanted  ;  it  may 
eafily  be  imagined,  that  violent  concuffions 
may  be  given  to  the  earth,  by  the  hidden  paf- 
fage  of  this  powerful  agent.  And  feveral  cir- 
cumftances  attending  earthquakes  he  thought 
rendered  this  hypothefis  by  no  means  im¬ 
probable. 

Volcanos  are  known  to  have  a  near  con¬ 
nection  with  earthquakes ;  and  flaflies  of 
light,  exaCtly  refembling  lightning,  have  fre¬ 
quently  been  feen  to  rufti  from  the  top  of 
Mount  Vefuvius,  at  the  time  that  alhes  and 
other  light  matter  have  been  carried  out  of  it 
into  the  air,  and  been  difperfed  uniformly 
over  a  large  traCt  of  country.  Of  thefe  he 
produces  a  great  number  of  inftances,  from 
the  beft  authority 

*  Lettere  dell’  eJettricifmo,  p,  226.  362,  Sec. 
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A  rumbling  noile,  like  thunder,  is  gene¬ 
rally  heard  during  an  earthquake.  At  fiich 
times,  alfo,  fiafhes  of  light  have  been  feen  rif- 
ing  out  of  the  ground,  and  darting  up  into 
the  air.  Real  lightning  hath  fometimes  occa- 
fioned  fmall  fhakings  of  the  earth,  at  lead:  has 
been  attended  by  them.  But  the  ftrongeft  cir- 
eumftance  of  refemblance  which  he  obferved 
is  the  fame  that  Dr.  Stukeley  lays  fo  much 
ftrefs  on,  viz.  the  amazing  fwiftnefs  with 
which  the  earth  is  fhaken  in  earthquakes. 
An  earthquake,  fays  he,  is  by  no  means  a 
gradual  heaving,  as  we  might  have  expedted 
from  other  caufes,  but  an  inftantaneous  con- 
cuffion,  fo  that  the  fluidity  of  the  water  is  no 
fecurity  againft  the  blow?  The  very  drips, 
many  leagues  off  the  coaft,  feel  as  if  they 
Truck  againft  a  rock. 

This  admirable  philofopher,  having  imi¬ 
tated  all  the  great  phenomena  of  natural  elec¬ 
tricity  in  his  own  room,  doth  not  let  the 
earthquake  efcape  him.  He  fays,  that  if  two 
pieces  of  glafs,  including  a  thin  piece  of  me¬ 
tal,  be  held  in  the  hand,  while  a  large  flrock 
is  fent  through  them,  a  ftrong  vibration,  or 
concuffion  will  be  felt ;  which  fometimes,  as 
in  Dr.  Franklin’s  experiments,  breaks  them  to 
pieces. 

Signior  Beggar i a  thinks,  that  there  are 
traces  of  electrical  operations  in  the  earth¬ 
quake,  that  happened  at  Julian’s  attempt  to 
rebuild  the  temple  of  Jerufalem  *. 

i 

#  Lettere  dell*  elettricifmo,  p  363. 
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That  the  elediric  fluid  is  fometimes  col¬ 
lected  in  the  bowels  of  the  earth,  he  thought 
was  probable  from  the  appearance  of  ignes 
fatui  in  mines,  which  fometimes  happens, 
and  is  very  probably  an  eleCtrical  pheno¬ 
menon  A 

Which  of  thefe  two  philofophers  have  ad¬ 
vanced  the  more  probable  opinion  concerning 
the  feat  of  the  eleCtric  matter  which  occafions 
earthquakes,  I  fhall  not  pretend  to  decide.  I 
fhall  only  obferve  that,  perhaps,  a  more  pro¬ 
bable  general  hypothefls  than  either  of  them 
may  be  formed  out  of  them  both.  Suppofe 
the  eledtric  matter  to  be,  fome  way  or  other, 
accumulated  on  one  part  of  the  furface  of  the 
earth,  and,  on  account  of  the  drynefs  of  the 
feafon,  not  eafily  to  diffufe  itfelf ;  it  may,  as 
Signior  Beccaria  fuppofes,  force  itfelf  a  wray 
into  the  higher  regions  of  the  air,  forming 
clouds  in  its  paffage  out  of  the  vapours  which 
float  in  the  atmofphere,  and  occafion  a  hid¬ 
den  flhower,  which  may  farther  promote  the 
paflage  of  the  fluid.  The  whole  furface,  thus 
unloaded,  will  receive  a  concuffion,  like  any 
other  conducting  fubftance  on  parting  with,  or 
receiving  a  quantity  of  the  eleCtric  fluid.  The. 
ruffling  noife  will,  likewife,  fweep  over  the 
whole  extent  of  the  country.  And,  upon 
this  fuppofition,  alfo,  the  fluid,  in  its  dif- 
charge  from  the  country,  will  naturally  fol¬ 
low  the  courfe  of  the  rivers,  and  alfo  take  the 

*  Dell’  elettricifmo  artificials  e  naturale,  p.  223. 
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advantage  of  any  eminences,  to  facilitate 
Its  afcent  into  the  higher  regions  of  the 
air. 

I  shall  clofe  this  account  of  the  theory  of 
lightning  and  other  phenomena  of  the  atmo- 
fphere,  with  an  enumeration  of  the  principal 
appearances  of  natural  electricity  obferved  by 
the  ancients,  and  which  were  never  under- 
flood  before  the  difcovery  of  Dr,  Franklin.  It 
will  be  very  eafy  for  me  to  do  this,  as  I  find 
them  already  .collected  to  my  hands  by  Dr. 
Watfon  *. 

A  luminous  appearance,  which  muft  have 
been  of  an  electrical  nature,  is  mentioned  by 
Plutarch  in  his  life  of  Lyfander.  He  con- 
fidered  it  as  a  meteor. 

Pliny,  in  his  fecond  book  of  Natural 
Hiftory*  calls  thofe  appearances  jlars ,  and 
tells  us5  that  they  fettled  not  only  upon  the 
mails,  and  other  parts  of  fhips,  but  alfo  upon 
men’s  heads.  Exjijhint ,  fays  that  hiftorian, 
ji elice  et  in  mart  ierrifque .  Vidi  nochirnis  mi- 
lit  um  vigiliis  inh<eer ere  pilis  pro  vallo  fulgorem 
ejjigie  ea :  et  antennis  navigantium  aliifque  na~ 
Hjium  partibus 9  ceu  vocali  qieodam  fono  injijlunt , 
ut  volucresj  Jedem  ex  fede  mut  antes  ~—Ge~ 
mince  autem  falutares  et  profperi  curfus  prce- 
nuncice  ;  quarum  advent  Uyfugari  diram  Mam  ac 
minacem  appellatamque  Helenam  ferunt .  Et  ob 
id  Polluci  et  • Cajlori  id  nnmen  ajjignanty  eofque 
in  mart  deos  invocant .  Hominum  quoque  cap  it  i 
vef per  tints  horis ,  magm  prcefagio  circumjulgent . 

%  Phil,  Tranf.  VqI.  xlyiii.  pt.  i,  p.  2iq. 
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But,  adds  he,  thefe  things  are  incerta  rations 
et  in  naturae  majejiate  ahdita. 

u  Stars  make  their  appearance  both  at 
land  and  fea.  I  have  feen  a  light  in  that 
a  form  on  the  fpears  of  foldiers,  keeping 
a  watch  by  night  upon  the  ramparts.  They 
a  are  feen  alfo  on  the  fail-yards,  and  other 
u  parts  of  fhips,  making  an  audible  found, 

44  and  frequently  changing  their  places.  Two 
44  of  thefe  lights  forebode  good  weather,  and 
?4  a  profperous  voyage ;  and  drive  away  one 
44  that  appears  fingle,  and  wears  a  threatening 
44  afpedt.  This  the  failors  call  Helen,  but 
?4  the  two  they  call  Caftor  and  Pollux,  and 
*4  invoke  them  as  Gods.  Thefe  lights  do 
44  fometimes,  about  the  evening,  reft  on 
44  men’s  heads,  and  are  a  great  and  good 

omen.  But  thefe  are  among  the  awful 
44  myfteries  of  nature.” 

Seneca  in  his  Natural  Queftions,  chap.  i. 
takes  notice  of  the  fame  phenomenon.  Gy  lip - 
pO)  Syracufas  petenti  vija  eft  Jlella  fupra  ipjam 
lancem  conftitijfe .  In  Ro?nanonm  cajlris  vifa 
funt  ardere  pila ,  ignibus  fcilicet  in  illis  de- 
lapjis . 

44  A  star  fettled  on  the  lance  of  Gy  lip- 
^  pus,  as  he  was  failing  to  Syracufe :  and 
44  fpears  have  feemed  to  be  on  fire  in  the  Ro- 
f4  man  camp.” 

In  Csefar,  de  Bello  Africano,  cap.  vi.  edit. 
Amftel.  1686,  we  find  them  attending  a 
violent  ftorm.  Per  id  tempus  fere  Ccefaris 
exercitui  res  accidit  incredibilis  audit u  ;  nempe 

Vir~ 
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Virgiliarum  jigno  confecio^  circiter  vigilia ,  fe- 
cunda  nodlis ,  nimbus  cum  faxea  grandine  fubito 
eji  coortus  ingens.  Eadem  nodie  legionis  F.  pi- 
lorum  cacumina  fua  J ponte  arferunt. 

C£  About  that  time,  there  was  a  very  extra- 
€£  ordinary  appearance  in  the  army  of  Crefar. 
<c  In  the  month  of  February,  about  the  fecond 
<c  watch  of  the  night,  there  fuddenly  arofe  a 
u  thick  cloud,  followed  by  a  fhower  of  Hones  ; 
l£  and  the  fame  night,  the  points  of  the 
“  fpears  belonging  to  the  fifth  legion  feemed 
u  to  take  fire.55 

Livy,  cap.  xxxii.  mentions  two  fimilar 
fads.  In  Sicilia  milt ii bus  aliquot  fpicula ,  in 
Sardinia  muro  circumeunii  vigilias  equiti ,  fci- 
pionem ,  quern  in  manu  tamer  at ,  arjijfe  ;  et  lit  or  a 
crebris  ignibus  fulfiffe. 

<c  The  fpears  of  fome  foldiers  in  Sicily, 
cc  and  a  walking-flick,  which  a  horfeman  in 
C£  Sardinia  was  holding  in  his  hand,  feemed  to 
^  be  on  fire.  The  fhores  were  alfo  luminous 
“  with  frequent  fires.55 

These  appearances  are  called,  both  by  the 
French  and  Spaniards,  inhabiting  the  coafis 
of  the  Mediterranean,  St,  Helme’s,  or  St. 
Telme’s  fires  ;  by  the  Italians  the  fires  of  St. 
Peter,  and  St.  Nicholas  ;  and  are  fre¬ 
quently  taken  notice  of  by  the  writers  of 
voyages. 

If  fome  late  accounts  from  France,  adds 
the  Dodtor,  are  to  be  depended  upon,  this 
phenomenon  has  been  obferved  at  Plauzet 
for  time  immemorial,  and  Mr.  Binon,  the 

Cure 
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Cure  of  the  place  fays,  that  for  twenty-feven 
years,  which  he  has  refided  there,  in  great 
dorms  accompanied  with  black  clouds,  and 
frequent  lightning,  the  three  pointed  extre¬ 
mities  of  the  of  the  crofs  of  the  fteeple  of 
that  place  appeared  furrounded  with  a  body 
of  flame ;  and  that  when  this  phenome¬ 
non  has  been  feen,  the  ftorm  was  no  longer 
to  be  dreaded,  and  calm  weather  returned 
foon  after. 

Modern  hiftory  furnifhes  a  great  num¬ 
ber  of  examples  of  flames  appearing  at  the 
extremities  of  pointed  metallic  bodies  pro¬ 
jecting  into  the  air.  Little  notice  was  taken 
of  thefe,  while  the  caufe  of  them  was  un¬ 
known  ;  but  fmce  their  near  affinity  with 
lightning  has  been  difcovered,  they  have  been 
more  attended  to,  and  collected. 
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SECTION  XIII. 
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Observations  on  the  use  of  METALLIC 
CONDUCTORS  to  secure  buildings, 

&C.  FROM  THE  EFFECTS  OF  LIGHTNING. 

^T^HE  former  feCtions  of  this  period  relate 
1  chiefly  to  the  theory  of  electricity.  In 
the  two  next  I  {hall  cohfider  what  has  been 
done  towards  reducing  this  fcience  into  prac¬ 
tice.  And,  in  the  firft  place,  I  fhall  recite 
the  obfervations  that  have  been  made  refpeCt- 
ing  the  ufe  of  metallic  conductors,  to  fecure 
buildings  from  lightning,  as  having  the  neareft 
connection  with  the  fubjeCt  of  the  feCtions  im¬ 
mediately  preceding. 

Dr.  Franklin’s  propofal  to  preferve  build¬ 
ings  from  the  dreadful  effects  of  lightning 
was  by  no  means  a  matter  of  mere  theory. 
Several  ftriking  faCts,  which  occurred  within 
the  period  of  which  I  am  treating,  demonfcrate 
its  utility. 

Innumerable  obfervations  fliow  how 
readily  metallic  rods  actually  conduCt  light¬ 
ning,  and  how  fmall  a  fubftance  of  metal  is 
fufficient  to  difcharge  great  quantities  of  it; 
Mr.  Calendrini,  who  afterwards  applied  to 
Dr.  Watfon,  to  be  informed  of  the  beft  me¬ 
thods  of  fecuring  powder  magazines,  fays  that 
he  himfelf  was  an  eye-witnefs  of  the  effeCt  of 
a  flafh  of  lightning,  where  he  obferved  it  had 
{truck  the  wire  of  a  bell, 'and  had  been  com¬ 
pletely 
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pletely  conducted  by  it,  from  one  room  of  £ 
houfe  to  another,  through  a  very  final!  hole  in 
the  partition.  This  obfervation  was  prior  to 
the  difcoveries  of  Dr  Franklin,  but  was  recol- 
lefted  and  recorded  afterwards  L 

Dr.  Franklin  himfelf,  in  a  letter  to  Mr. 
Dalibard,  dated  Philadelphia,  June  the  29th* 

1 755,  relating  what  had  been  ihown  him  of 
the  effects  of  lightning  on  the  church  of 
Newbury  in  New  England,  obferves,  that  a 
wire  not  bigger  than  a  common  knitting 
needle,  did  in  faff  conduct  a  flafh  of  light¬ 
ning,  without  injuring  any  part  of  the  build¬ 
ing  as  far  as  it  went,  though  the  force  of  it 
was  fo  great,  that  from  the  termination  of  the 
wire  down  to  the  ground,  the  fteeple  was  ex¬ 
ceedingly  rent  and  damaged,  feme  of  the 
ftones,  even  in  the  foundation,  being  torn 
out,  and  thrown  to  the  diftance  of  twenty  or 
thirty  feet.  No  part  of  the  wire,  however, 
could  be  found,  except  about  two  inches  at 
each  extremity,  the  reft  being  exploded,  and 
its  particles  diffipated  in  fmoke  and  air,  as  the 
Doftor  lays,  like  gunpowder  by  a  common 
fire.  It  had  only  left  a  black  fmutty  track 
upon  the  plaifter  of  the  wall  along  which  it 
ran,  three  or  four  inches  broad,  darkeft  in 
the  middle,  and  fainter  towards  the  edges. 
From  the  circumftances*  of  this  fad:  it  was  very 
evident,  that,  had  the  wire  been  continued 
to  the  foot  of  the  building,  the  whole  flioclc 
would  have  been  conducted  without  the  leaft 

0 

*  PhiL  Tranf.  VoL  liv.  pt  i,  p,  205. 
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Injury  to  It,  though  the  wire  would  have  been 
deftroyed  *. 

But  the  molt  complete  demonftration  of 
the  real  ufe  of  Dr.  Franklin’s  method  of  fe- 
curing  buildings  from  the  effects  of  lightning, 
is  Mr.  Kinnerfley’s  account  of  what  happen¬ 
ed  to  the  houfe  of  Mr.  Weft,  a  merchant  of 
Philadelphia  in  Penfilvan.ia,  which  was  guard¬ 
ed  by  an  apparatus  conftrudied  according  to 
the  directions  of  Dr.  Franklin.  It  conflfted 
of  an  iron  rod,  which  extended  about  nine 
feet  and  an  half  above  a  flack  of  chimnies,  to 
which  it  was  fixed.  It  was  more  than  half  an 
inch  in  diameter  in  the  thickeft  part,  and  went 
tapering  to  the  upper  end,  in  which  there  was 
a  hole  that  received  a  brafs  wire  about  three 
lines  thick  and  ten  inches  long,  terminating 
in  a  very  acute  point  :  the  lower  part  of  the 
apparatus  joined  to  an  iron  flake,  driven  four 
or  five  feet  into  the  ground. 

Mr.  West  judging,  by  the  dreadful  flafh 
of  lightning  and  inftant  crack  of  thunder,  that 
the  conductor  had  been  ftruck,  got  it  examin¬ 
ed  ;  when  it  appeared,  that  the  top  of  the 
pointed  rod  was  melted, '  and  the  fmall  brafs 
wire  reduced  to  feven  inches  and  a  half  in 
length,  with  its  top  very  blunt.  The  flendereft 
part  of  the  wire  he  fufpeCted,  had  been  difii- 
pated  in  finoke ;  but  fome  of  it,  where  the 
wire  was  a  little  thicker,  being  only  melted 
by  the  lightning,  funk  down  (while  in  a  fluid 
ftate)  and  formed  a  rough  irregular  cap,  lower 

#  Phil.  Tranf.  Voi.  xlix.  pt.  i.  p.  30 9. 
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on  one  fide  than  on  the  other,  round  the 
upper  end  of  what  remained,  and  became  in¬ 
timately  united  with  it.  It  is  remarkable, 
that,  notwithftanding  the  iron  flake,  in  which 
the  apparatus  terminated,  was  driven  three 
or  four  feet  into  the  ground,  yet  the  earth  did 
not  conduct  trie  lightning  fo  faft,  but  that,  in 
thunder  florms  the  lightning  would  be  feen 
diffufed  near  the  (take  two  or  three  yards  over 
the  pavement,  though  at  that  time  very  wet 
with  rain  A 

In  order  to  fecure  (hips  from  fuftaining  da¬ 
mage  by  lightning,  Dr.  Watfon,  in  a  letter 
to  Lord  Anfon,  read  at  the  Royal  Society,  De¬ 
cember  the  16th,  1762,  advifes,  that  a  rod  of 
copper,  about  the  thicknefs  of  a  goofe  quill, 
be  conneded  with  the  fpindles.  and  iron  work 
of  the  mail ;  and,  being  continued  down  to 
the  deck,  be  from  thence,  in  any  convenient 
diredion,  fo  difpofed,  as  always  to  touch  the 
fea  water  f. 

With  refped  to  powder  magazines.  Dr. 
Watfon  advifed  Mr.  Calandrini  above  men¬ 
tioned,  that  the  apparatus  to  condud  the 
lightning  from  them  be  detached  from  the 
buildings  themfelves,  and  conveyed  to  the 
next  water.  - 

What  lately  happened  to  St  Bride’s 
church  in  London  is  a  fufficient  proof  of  the 
utility  of  metallic  condudors  for  lightning. 
Dr.  Watfon,  who  publifhed  an  account  of  this 
fad  in  the  Philofophical  Tranfadions,  ob- 

*  Phil.  Tranf.  Vol.  liii.  pt.  i.  p.  96. 

f  Ibid.  Vol,  iii.pt,  i.  p.  633. 
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ferves,  that  tile  lightning  firft  took  a  weather¬ 
cock,  which  was  fixed  at  the  top  of  the 
fteeple;  and  was  condufted  without  injuring 
the  metal,  or  any  thing  elfe,  as  low  as  where 
the  large  iron  bar  or  fpindle  which  Supported 
it  (and  which  came  down  feveral  feet  into  the 
top  of  the  fteeple)  terminated.  There,  the 
metallic  communication  ceafing,  part  of  the 
lightning  exploded,  cracked,  and  {battered 
the  obelifk,  which  terminated  the  fpire  of  the 
fteeple,  in  its  whole  diameter,  and  threw  off 
at  that  place  feveral  large  pieces  of  Portland 
ftone,  of  which  the  fteeple  was  built.  Here 
it  likewife  removed  a  ftone  from  its  place,  but 
not  far  enough  to  be  thrown  down.  From 
thence  the  lightning  feemed  to  have  rufhed 
upon  two  horizontal  iron  bars,  which  were 
placed  within  the  building  crofs  each  other,  to 
give  additional  ftrength  to  the  obelifk,  almoft 
at  the  bafe  of  it,  and  not  much  above  the  upper 
ftory.  At  the  end  of  one  of  thefe  iron  bars, 
on  the  Eaft  and  North-Eaft  fide,  it  exploded- 
again,  and  threw  off  a  considerable  quantity 
of  ftone.  Almoft  ail  the  damage  done  to  the 
fteeple,  except  near  the  top,  was  confined 
to  the  Eaft  and  North-Eaft  fide,  and  general¬ 
ly,  where  the  ends  of  the  iron  bars  had  been 
inferred  into  the  ftone,  or  placed  under  it ;  and, 
in  fome  places,  by  its  violence  in  the  ftone, 
its  paflage  might  be  traced  from  one  iron  bar 
to  another. 

It  is  very  remarkable,  that,  to  leflen  the 
quantity  of  ftone  in  this  beautiful  fteeple, 
cramps  of  iron  had  been  employed  in  feveral 

parts 
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parts  of  it ;  and  upon  thefe,  ftones  of  no 
great  thicknefs  had  been  placed,  both  by  way 
of  ornament,  and  to  cover  the  cramped  joint. 
In  feveral  places  thefe  ftones  had,  on  account 
of  their  covering  the  iron,  been  quite  blown 
off,  and  thrown  away.  A  great  number  of 
ftones,  forne  of  them  large  ones,  were  thrown 
from  the  fteeple,  three  of  which  fell  upon 
the  roof  of  the  church,  and  did  great  damage 
to  it  ;  and  one  of  them  broke  through  the 
large  timbers  which  formed  the  roof,  and 
lodged  in  the  gallery. 

Upon  the  whole,  the  fteeple  was  found, 
on  a  furvey,  to  be  fo  much  damaged  in  feve¬ 
ral  of  its  parts,  that  eighty-five  feet  were 
taken  down,  in  order  to  reftore  it  fubftanti al¬ 
ly  ;  and  the  manner  in  which  this  fteeple 
was  damaged  completely  indicated,  as  Dr. 
Watfon  obferves,  the  great  danger  of  infulat- 
ed  mafles  of  metal  from  lightning  ;  and,  on 
the  contrary,  evinced  the  utility  and  impor¬ 
tance  of  maffes  of  metal  continued,  and  pro¬ 
perly  conducted,  in  defending  them  from  its 
direful  effects.  The  iron  and  lead  employed 
in  this  fteeple,  in  order  to  ftrengthen  and  pre- 
ferve  it,  did  almoft  occafion  its  deftrutftion  ; 
though,  after  it  was  ftruck  by  the  lightning, 
had  it  not  been  for  thefe  materials  keeping  the 
remaining  parts  together,  a  great  part  of  the 
fteeple  muft  have  fallen. 

This  building  fuffered  the  more,  on  ae- 
count  of  the  thunder  ftorm  having  been  pre¬ 
ceded  by  feveral  very  warm  days.  The 
nights  had  fcarce  furnifhed  any  dew,  the  air 
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was  quite  dry,  and  in  a  ftate  perfectly  unfit 
to  part  with  its  highly  accumulated  electricity, 
without  violent  efforts.  This  great  drynefs 
had  made  the  ftones  of  St.  Bride’s  fteeple, 
and  all  other  buildings  under  the  like  circum- 
ftances ,  far  Ids  fit,  than  if  they  had  been  in 
a  moift  ftate,  to  condud  the  lightning,  and 
prevent  the  naifchief  For,  though  the  thunder 
ftorm  ended  in  a  heavy  Ihower  of  rain,  none, 
except  a  few  very  large  drops,  fell  till  after 
the  church  was  ftruck.  And  Dr.  Watfon  had 
no  doubt,  but  that  the  fucceeding  rain  pre¬ 
vented  many  accidents  of  a  fimilar  kind,  by 
bringing  down,  with  every  drop  of  it,  part  of 
the  eledric  matter,  and  thereby  reftoring  the 
equilibrium  between  the  earth  and  clouds. 

It  is  frequently  obferved,  he  fays,  that,  in 
attending  to  the  apparatus  for  colleding  the 
eledricity  of  the  clouds,  though  the  iky  is 
much  darkened,  arid  there,  have  been  feveral 
claps  of  thunder,  at  no  great  diftance,  yet 
the  apparatus  will  fcarcely  be  affeded  by  it 
but  that,  as  foon  as  the  rain  begins  and  falls 
upon  fo  much  of  the  apparatus  as  is  placed  in 
the  open  air,  the  bells  belonging  to  it  will 
ring,  and  the  eledrical  fiiaps  fucceed  each 
other  in  a  very  extraordinary  manner..  This, 
as  he  obferves,  demonftrates,  that  every  drop 
of  rain  brings  down  part  of  the  eledric  mat¬ 
ter  of  a  thunder  cloud  and  diffipates  it  in  the 
earth  and  water,  thereby  preventing  the  mil- 
chiefs  of  its  violent  and  hidden  explofiom 
Hence  when  the  heavens  have  a  menacing  ap¬ 
pearance,'  a.  fhower  of  rain  is  much  to  be. 
wiihed  for. 
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From  all  thefe  confiderations,  Dr.  Wat  foil 
liad  no  doubt,  but  that  the  mifchief  done  to 
St.  Bride’s  fteeple  was  owing  to  the  efforts  of 
the  lightning,  after  it  had  poffeffed  the  appa¬ 
ratus  of  the  weathercock,  endeavouring  to 
force  itfelf  a  pafiage  from  thence  to  the  iron 
work  employed  in  the  fteeple.  As  this  mull 
be  done  per  faltum ,  as  he  expreftes  it,  there 
being  no  regular  metallic  communication,  it 
was  no  wonder,  when  its  force  was  vehe¬ 
ment,  that  it  rent  every  thing  which  wras  not 
metallic  that  obftrudled  its  eafy  p adage ;  and 
that,  in  this  particular  inftance,  the  ravages 
increafed,  as  the  lightning,  to  a  certain  dis¬ 
tance,  came  down  the  fteeple. 

The  Dodtor  advifes  that,  in  order  to  have 
ocular  demonftration  when  thefe  metallic  con¬ 
ductors  do  really  difcharge  the  lightning,  they 
be  difcontinued  for  an  inch  or  two,  in  fome 
place  convenient  for  obfervation;  in  which 
cafe  the  fire  will  be  feen  to  jump  from  one  ex¬ 
tremity  of  the  wire  to  the  other.  If  any  dan¬ 
ger  be  apprehended  from  this  difcontinuance 
of  the  metallic  conductor,  he  fays  that  a  loofe 
chain  may  be  ready  to  hang  on,  and  com¬ 
plete  the  communication 

Mr.  D  el  aval,  who  alfo  gives  an  account 
of  the  fame  accident,  obferved,  that,  in  every 
part  of  the  building  that  was  damaged,  the 
lightning  had  adted  as  an  elaftic  fluid,  en¬ 
deavouring  to  expand  itfelf  where  it  was  ac¬ 
cumulated  in  the  metal ;  and  that  the  effedts 

*  Phil.  Tranf.  Vol.  liv.  p.  201,  &c. 
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were  exaCtly  fimilar  to  thofe  which  would 
have  been  produced  by  gunpowder  pent  up  in 
the  fame  places,  and  exploded. 

In  the  lame  paper  Mr.  Del  aval  gives  it  as 
his  opinion,  that  a  wire,  or  very  fmall  rod  of 
metal,  did  not  feem  to  have  been  a  canal  fuf- 
ficiently  large  to  conduct  fo  great  a  quantity 
of  lightning  as  ftruck  this  fteeple ;  especially 
if  any  part  of  it,  or  of  the  metal  communi¬ 
cating  with  it,  was  inclofed  in  the  ftone  work, 
in  which  cafe,  he  thought,  the  application  of 
it  would  tend  to  increafe  its  bad  effeCts,  by 
conducting  it  to  parts  of  the  building  which  it 
might  otherwife  not  have  reached. 

Upon  the  whole,  he  thought  that  a  con¬ 
ductor  of  metal,  lefs  than  fix  or  eight  inches 
in  breadth,  and  a  quarter  of  an  inch  in  thick- 
nefs  (or  an  equal  quantity  of  metal  in  any 
other  form  that  might  be  found  more  con- 
venient)  cannot  with  fafety  be  depended  on, 
where  buildings  are  expofed  to  the  reception 
of  a  great  quantity  of  lightning  *. 

Mr.  W ilson,  in  a  paper  written  upon  the 
fame  occafion,  advifes,  that  pointed  bars  or 
rods  of  metal  be  avoided  in  all  conductors  of 
lightning*. 

As  the  lightning,  he  fays,  mu  ft  vifit  us 
fome  way  or  other,  from  neceffity,  there  can 
be  no  reafon  to  invite  it  at  all;  but,  on  the 
contrary,  when  it  happens  'to  attack  our 
buildings,  we  ought  only-  fo  to  contrive  our 
apparatus,  as  to  be  able  to  carry  the  lightning 

*  Phil.  Trsnf.  Vol,  liy.  p,  2^4. 
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away  again,  by  fuch  fuitable  conductors,  as 
will  very  little,  if  at  all,  promote  any  increafe 
of  its  quantity. 

To  attain  this  defirable  end,  in  fome  de¬ 
gree  at  leaft,  he  propofes,  that  the  feveral 
buildings  remain  as  they  are  at  the  top ;  that 
is,  without  having  any  metal  above  them, 
either  pointed  or  not,  by  way  of  conductor ; 
but  that  on  the  infide  of  the  higheft  part  of 
the  building,  within  a  foot  or  two  of  the  top, 
a  rounded  bar  of  metal  be  fixed,  and  continu¬ 
ed  down  along  the  fide  of  the  wall,  to  any  kind 
of  moiiture  in  the  ground  *.  \ 

SigniorBeccaria  whofe  obfervations  and 
experience  with  refpeCt  to  lightning  give  a 
weight  to  his  opinion  fuperior  to  that  of  any 
other  man  whatever,  feems  to  think  very  dif¬ 
ferently  from  Mr.  Wilfon  on  this  fubjeCt. 
He  fays  that  no  metallic  apparatus  can  attraCt 
more  lightning  than  it  can  conduCt.  And  fo 
far  is  he  from  thinking  one  conductor,  round¬ 
ed  at  the  top,  and  a  foot  or  two  under  the 
roof  fufficient ;  that  if  the  building  be  of  any 
extent,  he  advifes  to  have  feveral  of  the  ufual 
form ;  that  is,  pointed,  and  higher  than  the 
building.  One  conductor  he  thought  fuffici¬ 
ent  for  one  tower,  fteeple,  or  fhip ;  but  he 
thought,  two  neceffary  for  the  wing  of  a  build¬ 
ing  2co  feet  long,  one  at  each  extremity  ; 
three  for  two  fuch  wings,  the  third  being  fix¬ 
ed  in  the  middle ;  and  four  for  a  fquare 
palace  of  the  fame  front,  one  at  each  corner 

*  Phil.  Tranf.  Vol.  liv.  p.  249. 
f  Leitere  dell’  elettricifmo,  p.  278. 
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My  readers  at  a  diflance  from  London  will 
hardly  believe  me,  when  I  inform  them,  that 
the'  elegant  fpire  which  has  been  the  fubjedh 
of  a  great  part  of  this  fedtion,  and  which  has 
been  twice  damaged  by  lightning  (for  it  is 
now  very  probable,  that  a  damage  it  received 
in  the  year  1750,  was  owing  to  the  fame  caufej 
is  now  repaired,  without  any  metallic  con- 
dudtor,  to  guard  it  in  cafe  of  a  third  broke, 

SECTION  XIV. 

Of  MEDICAL  ELECTRICITY 

rp  H  E  fubjedt  of  medical  electricity  falls 
j|_  ahnoft  wholly  within  the  period  of 
which  I  am  now  treating.  For,  though  feme 
eifedts  of  eledtricity  upon  animal  bodies  had 
been  noted  by  the  Abbe  Nollet,  and  a  few  dii- 
eafed  perfons  had  faid  they  had  'received  bene¬ 
fit  from  being  eledtrified ;  yet  very  little  had 
been  done  this  way,  and  phyficians  had  fcarce- 
ly  attended  to  it,  till  within  this  period; 
whereas  eledtricity  is  now  become  a  confider- 
able  article  in  the  materia  me  die  a. 

The  firft  account  I  have  met  with  of  the 
application  of  eledtricity  to  medical  purpofes 
is  of  Mr.  C.  Kratzenftein,  profeffor  of  medi¬ 
cine  at  Halle  ;  who,  in  the  year  1744,  cured 
a  woman  of  a  contradted  little  finger  in  a 
quarter  of  an  hour.'  He  alfo  fo  far  relieved 
a  p erfon  who  had  two  lame  fingers,  by  once 
eledtrifying  them,  that  he  could  play  upon 

the 
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the  harpficord,  which  he  had  before  been  dis¬ 
abled  from  doing.  He  alfo  obferved,  that  a 
man’s  pulfe,  which  had  beat  eighty  in  a  Se¬ 
cond  before  he  was  electrified,  immediately 
after  beat  eighty-eight,  and  was  prefently  in- 
created  to  ninety- fix  A 

There  is,  another  celebrated  ,inftance-  of 
the  cure  of  a  palfy  before  this  period ;  which 
Is  that  performed  by  Mr.  jallabert,  profeffor 
of  philofophy  and  mathematics  at  Geneva,  on 
a  lock-Smith  of  the  age  of  fifty-two  f,  whofe 
right  arm  had  been  paralytic  fifteen  years,  oc- 
cahoned  by  a  blow  of  a  hammer.  He  was 
brought  to  Mr.  Jallabert  on  the  26th  of  De¬ 
cember  1747,  and  was  almoft  completely 
cured  by  the  28th  of  February  1748.  In  this 
interval  he  was  frequently  electrified,  Sparks 
being  taken  from  the  arm,  and  Sometimes  the 
eleCtric  Shock  Sent  through  it  Mr.  Jalla- 
bert’s  own  account  of  this  cure  is  very  circum¬ 
stantial.  But  it  appears  from  the  Abbe  Nol- 
let’s  account  of  his  Second  journey  to  Italy, 
that  this  perfon  relapfed  to  the  condition  in 
which  Mr.  Jallabert  found  him.  See  the 
French  translation  of  this  book,  vol.  ii. 
P.  396. 

The  report  of  this  cure  performed  at  Ge¬ 
neva  engaged  Mr.  Sauvages  of  the  Academy 
in  Montpelier  to  attempt  the  cure  of  paraly¬ 
tics,  in  which  he  had  considerable  fuccefs: 
In  one  caSe  it  occasioned  a  Salivation,  and  in 

*  D^ntzick  Memoirs,  Vol.  i,  p,  294. 
f  [ailaberUs  Experiences,  143. 
t  Hiftoire,  pt.  iii.  p  36. 
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another  a  profufe  fweat.  Many  paralytics, 
however,  were  eleCfcrified  without  any  fuccefs. 
Indeed  the  prodigious  concourfe  of  patients 
of  all  kinds,  which  the  report  of  thefe  cures 
brought  together,  was  fo  great,  that  few  of 
them  could  be  electrified,  except  very  imper¬ 
fectly.  For  two  or  three  months  together, 
twenty  different  patients  were  electrified  every 
day.  It  is  not  furprifmg  to  find,  that  the 
neighbouring  populace  confidered  thefe  cures 
as  an  affair  of  witchcraft,  and  that  the  opera¬ 
tors  were  obliged  to  have  reconrfe  to  their 
priefts  to  undeceive  them,  *,  In  the  courfe  of 
thefe  experiments  it  was  found,  by  very  ac¬ 
curate  obfervations  made  with  a  pendulum, 
that  electrification  increafes  the  circulation  of 
the  blood  about  one  fixth. 

One  of  the  firft  who  attended  to  electricity 

J 

in  a  medical  wav  was  Dr.  Bohadtch  a  Bohe- 

J 

mian  ;  who,  in  a  treatlfe  upon  medical  elec¬ 
tricity,  communicated  to  the  Royal  Society, 
gave  it  as  his  opinion,  after  the  refult  of  much 
experience,  that  of  all  diftempers  the  hemi¬ 
plegia  feemed  to  be  the  mofl  proper  objeCt  of 
eleCtricity.  He  alfo  thought  it  might  be  of 
life  in  intermitting  fevers  *f*. 

‘The  palfy  having  happened  to  be  the  firft 
diforder  in  which  electricity  gave  relief,  there 
was  a  confiderable  number  of  cafes  publifhed 
pretty  early,  in  which  paralytics  were  faid  to 
have  found  benefit  from  this  new  method  of 
treatment.  In  the  year  1757,  Patr^c 

*  Hiltoire,  p.  97.  *.  f  Phil.  Tranf,  Vol.  xlvii.  p.  351. 
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Brydone  performed  a  complete  cure  of  a  hemi¬ 
plegia,  and,  indeed,  an  almoft  univerfal  pa¬ 
ralytic  affedion,  in  about  three  days.  The 
patient  was  a  woman,  aged  thirty-three,  and 
the  palfy  was  of  about  two  years  continu¬ 
ance  *.  And  John  Godfrey  Tefke,  very  near¬ 
ly  cured  a  young  man,  of  the  age  of  twenty, 
of  a  paralytic  arm,  of  which  he  had  not  had 
the  leaf!  ufe  from  the  age  of  five  years  f . 

The  Abbe  Nollet’s  experiments  upon  pa¬ 
ralytics  had  no  permanent  good  effed  He 
obferves,  however,  that,  during  fifteen  or 
fixteen  years  that  he  had  eledrified  all  forts 
of  perfons,  he  had  known  no  one  bad  effed 
to  have  arifen  from  it  to  any  of  them  §. 

Dr.  Hart,  in  a  letter  to  Dr.  Watfon,  dat¬ 
ed  Salop,  March  the  20th,  *756,  mentions  a 
cure  performed  by  eledricity  upon  a  woman 
of  twenty-three  years  of  age,  whofe  hand  and 
wrift  had  for  fome  time  been  rendered  ufelefs 
by  a  violent  contradion  of  the  mufcles.  She 

j 

was  not  fenfible  of  the  firft  fhock  that  was 
given  her ;  but,  as  the  fhocks  were  repeated, 
the  fenfation  increafed,  till  fhe  was  perfedly 
well.  She  was  alfo  cured  a  fecond  time,  after 
a  relapfe  occafioned  by  a  cold  ||. 

Bu  t  perhaps  the  moll  remarkable  cafe  that 
has  yet  occurred  of  the  ufe  of  eledricity  in 
curing  a  diforder  of  this  kind,  and  indeed  of 
any  that  is  incident  to  the  human  body  was 

*  PhiJ.Tranf.  Vol.l.  pt  i.  p.  392. 

■f  Ibid*  Vol.  li.  pt.  i.  p.  179. 

X  Rccherches,  p.  412.  §  Ibid.  p.  416. 

|j  Phil.  Tranf,  Vol.  xlix,  pt,  ii.  p  558, 
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of  that  dreadful  diforder,  an  univerfal  tetanus** 
It  is  related  by  Dr.  Watfon  in  the  Philofophi- 
cal  Tranfadions  ;  and  the  account  was  read  at 
the  Royal  Society  the  10th  of  February  1763. 
The  patient  was  a  girl  belonging  to  the 
Foundling  hofpital,  about  feven  years  of  age* 
who  was  firft  feized  with  a  diforder  occafioned 
by  the  worms*  and  at  length  by  an  univerfal  ri¬ 
gidity  of  her  mufcles  ;  fo  that  her  whole  body 
felt  more  like  that  of  a  dead  animal  than  a 
living  one.  She  had  continued  in  this  difmal 
condition  above  a  month*  and  about  the 
middle  of  November  1762,  after  all  the  ufual 
medicines  had  failed,  Dr.  Watfon  began,  to 
eledrify  her  ;  and  continued  to  do  it  by  in¬ 
tervals,  till  the  end  of  January  following;  when 
every  mufcle  of  her  body  was  perfectly  flexible* 
and  fubfervient  to  her  will,  fo  that  fhe  could 
not  only  Hand  upright,  but  could  walk,  and 
even  run  like  other  children  of  her  age  *. 

Dr.  Edward  Spry  relates  a  complete  cure 
which  he  made  of  a  locked  jaw  and  paralyfis, 
in  the  cafe  of  a  girl  of  eighteen  years  of  age. 
Small  fliocks  were  given  to  the  mufcles  par¬ 
ticularly  affeded  jv 

That  eledriclty  may  he  hurtful,  and  even 
in  fome  cafes  in  which  analogy  would  lead  us 
to  proinife  ourfelves  it  might  be  of  ufe,  is 
evident  from  many  cafes,  and  particularly 
from  one  related  by  Dr.  Hart  of  Shrewsbury, 
in  a  letter  to  Dr.  Watfon,  which  wras  read  at 
the  Royal  Society,  November  the  14th,  1754. 

*  Phil.  Tranf.  Vol.  liii.  p.  1©.  f  Ibid.  Vol.  Ivii.  p.  88. 
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A  young  girl  about  fxxteen,  whofe  right  arm 
was  paralytic,  and  greatly  wafted  in  compa¬ 
nion  of  the  other,  on  being  electrified  twice, 
became  univerfally  paralytic,  and  remained  fo 
above  a  fortnight ;  when  the  new  palfy  was 
removed  by  proper  medicines,  though  the 
firft  difeafed  arm  remained  as  before. 

However  Dr.  Hart,  not withft and ing  this 
bad  accident,  had  a  mind  to  try  electricity 
again.  The  girl  fubmitted  to  it,  but  after 
having  been  electrified  about  three  or  four 
days,  fhe  became  a  lecond  time  univerfally 
paralytic,  and  even  loll  her  voice,  and  the 
tife  of  her  tongue,  fo  that  it  was  with  great 
difficulty  fhe  could  fwallow.  She  was  re¬ 
lieved  of  this  additional  palfy  a  fecond  time 
by  a  proper  courfe  of  medicines,  continued 
about  four  months ;  but  was  difcharged  out 
of  the  hofpital  as  incurable  of  her  firft  palfy. 
It  is  faid  that  the  Doctor  would  have  tried 
electricity  a  third  time ;  but  the  girl,  being 
more  nearly  concerned  in  the  experiment 
than  her  phyfician,  thought  proper  to  decline 
it*. 

Dr.  Fr  ankliVs  account  of  the  effeCts  of 
eleCtricity,  in  the  manner  in  which  he  applied 
it,  is  by  no  means  favourable  to  its  ufe  in 
iiich  cafes.  Fie  fays,  in  a  letter  to  Sir  John 
Pringle,  read  at  the  Royal  Society,  January 
the  12th,  1758,  that  fame  years  before,  when 
the  news-papers  made  mention  of  great  cures 
performed  in  Italy  and  Germany  by  eleCtri- 

*  Phil.  Tranf.  Vol.  xlviii.  pt.  ii.  p .  ~  8 S, 
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city,  a  number  of  paralytics  were  brought  to 
him,  from  different  parts  of  Peniilvania  and 
the  neighbouring  provinces,  to  be  electrified, 
and  that  he  performed  the  operation  at  their 
requeft.  Elis  method  was,  firft  to  place  the 
patient  in  a  chair,  or  upon  an  electrical  ftool, 
and  draw  a  number  of  large  ftrong  fparks 
from  all  parts  of  the  affeCted  limb  or  fide. 
He  then  fully  charged  two  fix-gallon  glafs 
jars,  and  fent  the  united  fhock  of  them 
through  the  affeCted  limb  or  limbs,  repeat¬ 
ing  the  ftroke  commonly  three  times  each 
day. 

The  firft  thing  he  obferved  was  an  imme¬ 
diate  greater  fenfible  warmth  in  the  affeCted 
limbs,  which  had  received  the  ftroke,  than  in 
the  others  ;  and  the  next  morning  the  patients 
ufually  faid,  that,  in  the  night,  they  had  felt 
a  prickling  fenfation  in  the  flefh  of  the  para¬ 
lytic  limbs ;  and  would  fometimes  ftiow  a 
number  of  fmall  red  fpots,  which  they  fup- 
pofed  were  occafioned  by  thofe  prickings. 
The  limbs  too  were  found  more  capable  of 
voluntary  motion,  and  feemed  to  receive 
ftrength.  A  man,  for  inftance,  who  could 
not,  the  firft  day,  lift  his  lame  hand  from  off 
his  knee,  would  the  next  day  raife  it  four  or 
five  inches  ;  the  third  day  higher  ;  and  on  the 
fifth  was  able,  but  with  a  feeble  languid  mo¬ 
tion,  to  take  off  his  hat.  Thefe  appearances, 
the  DoCtor  fays,  gave  great  fpirits  to  the  pa¬ 
tients,  and  made  them  hope  for  a  perfeCt 
cure  ;  but  he  did  not  remember  that  he  ever 
faw  any  amendment  after  the  fifth  day  5  which 
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the  patients  perceiving,  and  finding  the  fhocks 
pretty  fevere,  became  difcouraged,  went 
home,  and  in  a  fhort  time  relapfed ;  fo  that 
he  never  knew  any  permanent  advantage  from 
electricity  in  palfies. 

Perhaps,  fays  he,  fome  permanent  ad¬ 
vantage  might  be  obtained,  if  the  eleCtric 
fhocks  had  been  accompanied  with  proper 
medicine  and  regimen,  under  the  direction  of 
a  fkilful  phyfician.  He  thought  too,  that 
many  fmall  fhocks  might  have  been  more 
proper  than  the  few  great  ones  which  he 
gave;  fince,  in  an  account  from  Scotland,  a 
cafe  was  mentioned  in  which  200  fhocks  from 
a  phial  we  re  given  daily,  and  a  perfeCl'  cure 
had  been  made  *. 

That  there  is  an  intimate  connection  be¬ 
tween  the  ftate  of  electricity  in  the  air  and  the 
human  body,  is  evident  from  feveral  fads, 
particularly  a  very  remarkable  one  related  by 
the  Abbe  Mazeas,  in  a  letter  to  Dr.  Hales. 
He  was  electrifying  a  perfon  who  was  fabjeCt 
to  epileptic  fits,  by  his  apparatus  to  make  ob- 
fervations  upon  the  electricity  of  the  common 
atmofphere.  At  fir  ft  this  perfon  bore  the 
fparks  very  well,  but  in  two  or  three  minutes 
the  Abbe,  perceiving  his  countenance  to 
change,  begged  he  would  retire,  left  any  acci¬ 
dent  fhould  happen  ;  and  he  was  no  fooner  re¬ 
turned  home,  than  his  fenfes  failed  him,  and 
lie  was  feized  with  a  moft  violent  fit.  His 
eonviftfions  were  taken  off  with  fpirits  of 

*  Phil.  Tranf.  Vol.  1.  pt.  ii,  p,  481. 
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hartfhorn,  but  his  reafon  did  not  return  in  an 
hour  and  an  half.  He  went  up  and  down 
the  flairs  like  one  who  walks  in  his  fleep, 
without  fpeaking  to,  or  knowing  any  perfon, 
fettling  his  papers,  taking  fnuff,  and  offering 
chairs  to  all  who  came  in.  When  he  was 
fpoken  to,  he  pronounced  inarticulate  words, 
which  had  no  connediom 

When  this  poor  man  recovered  his  reafon, 
he  fell  into  another  fit 3  and  his  friends  told 
the  Abbe,  he  was  more  affeded  with  that 
diftemper  when  it  thundered  than  at  any  other 
time ;  and  if  it  ever  happened,  which  it  rare¬ 
ly  did,  that  he  then  efcaped,  his  eyes,  his 
countenance,  and  the  confufion  of  his  expref- 
fions,  fuf&ciently  demonflrated  the  weaknefs 
of  his  reafon. 

The  next  day,  the  Abbe  learned  from  the 
per  ion  himfelf,  that  the  fear  of  thunder  was 
not  the  caufe  of  his  difeafe  ;  but  that,  how¬ 
ever,  he  found  a  fatal  connedion  between 
that  phenomenon  and  his  diftemper.  He 
added,  that  when  the  fit  feized  him,  he  per¬ 
ceived  a  vapour  riling  in  his  breaft,  with  fo 
much  rapidity,  that  he  loft  all  his  fenfes  be¬ 
fore  he  could  call  for  help*. 

,Mk.  Wilson  cured  a  woman  of  a  deafnefs 
of  feventeen  years  {landing.  He  alfo  ob- 
ferves,  that  (lie  had  a  very  great  cold  when 
ihe  began  to  be  eledrifted  ;  but  that  the  in¬ 
flammation  ceafed  the  {irft  time,  and  the  cold 
was  quite  gone  when  the  operation  had  been 

*  Phil.  Tranf.  Vol.  xiviii.  pt.  i.  p,  383. 

performed 


ELECTRICITY.  481 

% 

performed  again  the  fecond  day.  But  he  ao 
knowledges,  that  he  had  tried  the  fame  expe¬ 
riment  upon  fix  other  deaf  perfons  without 
any  fuccefs  *. 

The  fame  perfon  obferves,  that  one  gentle¬ 
man,  near  fe verity  years  old,  could  never  be 
made  to  receive  a  fhock  except  in  his  wrifts. 
He  fays  that  he  hlmfelf  could  once  have  borne 
very  great  fhocks  without  inconvenience,  but 
that  he  could  not  bear  them  at  the  time  that 
he  wrote. 

Medical  electricity  is  very  much  obliged 
to  the  labours  and  obfervations  of  Mr.  Lovet, 
lay-clerk  of  the  cathedral  church  at  Wor- 
cefter,  who  has  for  many  years  been  indefa¬ 
tigable  in  the  application  of  ele&ricity  to  a 
great  variety  of  difeafes.  His  fuccefs  has  been 
very  conliderahle,  and  all  the  cafes  he  has 
publifhed  feem  to  be  well  authenticated. 

According  to  Mr.  Lovet,  electricity  is  al« 
moft  a  fpecitic  in  all  cafes  of  violent  pains, 
of  however  long  continuance,  in  every  part 
of  the  body;  as  in  obftinate  head-achs,  the 
fciatica,  the  cramp,  and  diforders  refembling 
the  gout.  He;  had  no  trials  of  the  proper 
gout,  but  only  on  thofe  who  were  ilightly 
attacked,  and  who  received  immediate  re¬ 
lief. 

The  tooth-ach,  he  fays,  is  generally  cured 
inftantly,  and  he  fcarce  ever  remembered  any 
one  who  complained  of  its  raging  a  minute 
after  the  operation  y. 

$ 

*  Wi lfon’s  EiTay,  p.  207. 
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It  has  feldom  failed,  he  fays,  to  cure  ri¬ 
gidities,  or  a  wafting  of  the  mufcles,  and 
hyfterical  diforders,  particularly  if  they  be  at¬ 
tended  with  eoldnefs  in  the  feet.  According 
to  him,  it  cures  inflammations,  it  has  flopped 
a  mortification,  cured  a  fiftula  lachrymalis, 
and  difperfed  extravafated  blood  He  alfo 
fays  it  has  been  of  excellent  ufe  in  bringing 
to  a  fuppuration,  or  in  difperfing  without  fup- 
puration,  obftinate  fwellings  of  various  kinds, 
even  thofe  that  were  fcrophulous.  In  his 
hands  it  cured  the  falling  ficknefs,  and  feve- 
ral  kinds  of  fits,  though  the  patients  had  been 
fubject  to  them  for  many  years  ;  and  one  cure 
he  mentions  of  a.  hemiplegia f.  Laftly,  he 
relates  a  well  attefted  cafe,  from  Mr.  Floyer, 
furgeon  at  Dorchefter,  of  a  complete  cure  of 
what  fee  mod  to  be  a  gutta  ferena .  The  fame 
Mr*  Floyer,  he  alfo  fays,  cured  with  it  two 
young  women  of  obftrudtions,  one  of  whom 
had  taken  medicines  a  year  to  no  purpofeij:. 

In  the  rheumatifm,  Mr.  Lovet  candidly 
confefles,  it  has  failed ;  but  he  fays  it  was  fel¬ 
dom  in  the  cafe  of  young  perfons,  if  they 
were  taken  in  time. 

The  manner  in  which  eledlricity  operated 
in  thefe  cures,  Mr.  Lovet  imagined  to  be,  by 
removing  fecret  obftrudtions,  which  are  pro¬ 
bably  the  caufe  of  thofe  diforders.  In  all  his 
practice  he  never  knew  an  inftance  of  harm 
being  done  by  it,  and  thinks  that,  in  all  the 
cafes  in  which  it  has  done  harm,  the  manner 

'*  Lovers  Eflav,  p.  76.  f  Ibid,  p.  101. 

|  Ibid.  p.  1 19. 

of 


E  L  E  C  T  R  I  C I  T  Y.  4S3 

of  adminiftering  it  has  been  injudicious.  In 
general,  he  thinks  the  fliocks  have  been  made 
too  great.  This  he  imagined  to  have  been  the 
cafe  of  the  patient  before  mentioned  of  Dr- 
Hart,  who  was  made  more  paralytic  by  elec¬ 
tric  fliocks.  Mr.  Lovet  advifes  to  begin,  in 
general,  with  fimple  eledtrification,  efpecially 
in  hyfterical  cafes  ;  then  to  proceed  to  taking 
{parks,  and  lafily  to  giving  moderate  fliocks,, 
but  hardly  ever  any  that  are  violent,  or 
painful.  1 

The  account  of  the  application  of  elefirl- 
city  by  Dr.  Zetzel  of  Upfal,  which  may  be 
feen  in  Mr.  Lovet’ s  treatife,  agrees  in  the 
main  with  the  refult  of  his  own  practice ;  and 
where  there  is  any  difference-  between  them, 
Mr.  Lovet  thinks  there  are  evident  marks  of 
unfairnefs  in  the  Swedifli  account.  And  a 
fubfequent  account  from  Sweden  mentions  fe- 
veral  cures  being  made  in  thofe  very  cafes,  in 
which  Dr.  Zetzel  fays  that  no  relief  was  to  be 
had  from  electricity. 

The  Rev.  Mr.-  J.  Wefley  has  followed  Mr* 
Lovet  in  the  fame  tifeful  courfe  of  medical 
electricity,  and  recommends  the  ufe  of  it  to 
his  numerous  followers,  and  to  all  people. 
Happy  it  is  when  an  afcendency  over  the 
minds  of  men  is  employed  to  purpofes  favour¬ 
able  to  the  increafe  of  knowledge,  and  to  the 
faefl  interefts  of  mankind.  Mr.  Wefley  5s  ac¬ 
count  of  cures  performed  by  electricity  agrees 
very  well  with  that  of  Mr.  Lovet,  whom  he 
often  quotes.  He  adds,  that  he  has  fcarce 
ever  known  an  inftance  in  which  fliocks  all 
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over  the  body  have  failed  £0  cure  a  quotidian 
or  tertian  ague  He  mentions  cafes  of 
blindnefs  cured  or  relieved  by  it ;  and  fays 
that  he  has  known  hearing  given  by  it  to  a 
man  that  was  born  deaf  •£.  He  mentions 
•  cures  in  cafes  of  bruifes,  running  fores,  the 
dropfy,  gravel  in  the  kidnies  (caufing  the  pa¬ 
tient  to  part  with  it)  a  palfy  in  the  tongue,  and 
laftiy  in  the  genuine  confumption.  But  Mr. 
Bolder  fays  it  is  of  differvice  ]n  phthifical 
complaints 

Mr.  Wesley  candidly  fays,  he  has  not 
known  any  inftance  of  the  cure  of  an  hemi¬ 
plegia  ;  and  though  many  paralytics  have  been 
helped  by  electricity,  he  fcarcely  thinks  that 
any  palfy  of  a  year’s  Handing  has  been 
thoroughly  cured  by  it.  He  afferts,  how¬ 
ever,  that  he  has  never  yet  known  any  per- 
fon,  man,  woman,  or  child,  fick  or  well,  who 
has  found  (what  Mr.  Wilfon  fays,  that  fome 
perfons  complained  of)  an  unufual  pain  fome 
days  after  the  fhock.  Mr.  Wefley  had  only 
known  that  the  rheumatic  pains,  which  were 
afterwards  perfectly  cured,  had  increafed  on 
the  firfi  or  fecond  application  §. 

Mr.  Wesle  y  directs  the  fame  method  of 
adminiftration  with  Mr.  Lovet.  In  deep 
hyfterical  cafes,,  he  advifes  that  the  patients 
be  Amply  electrified,  fitting  on  cakes  of  rofin, 
at  leaft  half  an  hour  morning  and  evening  ; 

*  Wefley’s  Desideratum,  p.  3.  f  Ibid.  p.  48. 

|  Carmichael  Tentamen  inaugurals  medicum  de  Faralyfi, 
p.  34.  ex  Ad.  Upf. 

S  WeHey’s  Dciideratum,  p.  50. 
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when,  after  fome  time,  fmall  fparks  may  be 
taken  from  them,  and  afterwards  fhocks  -given 
to  them,  more  or  lefs  ftrong,  as  their  diforder 
requires  ;  which,  he  fays,  has  feidom  failed 
of  the  defired  effed:  *. 

This  account  of  the  medical  ufe  of  elec¬ 
tricity  by  Mr  Lovet  and  Mr.  Wefley  is  cer¬ 
tainly  liable  to  an  objedion,  which  will  al¬ 
ways  lie  again!!  the  accounts  of  thofe  perfons 
who,  not  being  of  the  faculty,  cannot  be  hip¬ 
po  fed  capable  of  diftinguiihing  with  accuracy 
either  the  nature  of  the  diforders,  or  the  c o li¬ 
fe  quenccs  of  a  feeming  cure.  But,  on  the 
other  hand,  this  very  circumftance  of  their 
ignorance  of  the  nature  of  diforders,  and  con- 
fequently  of  the  beft  method  of  applying  elec¬ 
tricity  to  them,  fupplies  the  ftrongeft  argu¬ 
ment  in  favour  of  its  innocence  at  leaft.  If  in 
fuch  unfkilful  hands  it  has  produced  fo  much 
good,  and  fo  little  harm  ;  how  much  more 
good,  and  how  much  lefs  harm  would  it 
probably  have  produced  in  more  fkilful 
hands. 

But  whatever  weight  there  be  in  this  ob¬ 
jection  again!!  the  laft  mentioned  writers,  it 
certainly  cannot  be  urged  again!!  Antonias  de 
Haen,  one  of  the  mol!  eminent  phyficians  of 
the  prefent  age ;  who,  after  fix  years  unin¬ 
terrupted  ufe  of  it,  reckons  it  among  the  mol! 
valuable  afllftances  of  the  medical  art ;  and 
exprefsly  fays,  that  though  it  has  often  been 
applied  in  vain,  it  has  often  afforded  relief 

#  Wefiey’s  Defideratum,  p.  5 6. 
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where  no  other  application  would  have  been 
effectual.  But  I  final!  recite  in  a  fummary 
manner,  from  his  Ratio  Medendiy  the  refult 
of  all  his  obfervations  on  this  fubjeCt. 

With  refpeCt  to  partial  palfies,  in  particu¬ 
lar,  he  fays,  it  never  did  the  leaf!;  harm ;  that 
one  or  two  perfons  who  had  received  no  be¬ 
nefit  from  it  in  fix  intire  months,  were  yet 
much  relieved  by  perfevering  in  the  ufe  of  it® 
That  feme  perfons  difcontinuing  it,  after  hav¬ 
ing  received  feme  benefit,  relapfed  again  ;  but 
afterwards,  by  recurring  to  the  ufe  of  electri¬ 
city,  recovered,  though  more  (lowly  than  be¬ 
fore.  Some  perfons,  he  fays,  were  relieved 
who  had  been  paralytic  one,  three,  fix,  nine, 
and  twelve  years,  and  feme  longer ;  but  that 
in  one  or  two  of  thefe  cafes,  the  patients  had 
received  lefs  relief,  and  more  (lowly  than  was 
ufual  in  recent  cafes.  In  feme  cafes,  he  fays, 
a  moft  unexpected  benefit  had  been  found  by 
thofe  who  had  been  paralytic  in  their  tongues, 
eyes,  fingers,  and  other  particular  limbs.  A 
paralyfis  and  trembling  of  the  limbs,  from 
whatever  caufe  it  arofe,  he  fays,  never  failed 
to  be  relieved  by  it ;  and  he  relates  one  in- 
fiance  of  a  perfect  cure  being  performed  in  a 
remarkable  cafe  of  this  nature,  after  receiving 
ten  (hocks 

Be  Ha en's  cuftom  was  to  apply  the  opera¬ 
tion  for  half  an  hour  together  at  lead.  He 
feems  to  have  ufed  gentle  (hocks,  and  he 
joined  to  electricity,  the  ufe  of  other  remedies, 

*  Ratio  Medendl3  Vol.  i.  p.  23 4,  199. 
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which,  however,  would  not  have  been  effectual 
without  it 

St.  Vitus’s  dance,  he  fays,  never  failed 
to  be  cured  by  electricity  f.  He  always  oh~ 
ferved  it  to  promote  a  more  copious  difcharge 
of  the  menfes,  and  to  relieve  in  cafes  of  ob- 
ftruCtion;  but,  for  this  reafon,  he  advifes 
that  it  be  not  adminiftered  to  women  with 
child.  He  found  it  of  ufe  in  fome  cafes  of 
deafnefs,  but  it  entirely  failed  in  its  applica¬ 
tion  to  a  gutta  ferena,  and  to  a  ftrumous 
neck  J. 

Lastly,  he  relates  a  remarkable  cafe^ 
communicated  to  him  by  Mr.  Velfe  at  the 
Hague,  of  the  cure  of  a  mucous  apoplexy  §. 

To  the  cafes  which  have  been  mentioned 
occafionally,  in  which  harm  may  be  appre¬ 
hended  from  electrification,  may  perhaps  be 
added  the  venereal  difeafe  in  which  Mr.  Ve« 
ratti  advifes,  that  electrification  be  by  all 
means  avoided  j|. 

I  shall  conclude  this  account  of  medical 
electricity  with  obferving,  that  there  are  two 
general  effects  of  eieCtricity  on  the  human, 
body,  of  which,  it  fhould  feem,  that  phyfi- 
cians  might  greatly  avail  themfelves.  Thefe 
are,  that  it  promotes  infenfible  perfpiration^ 
and  glandular  fecretion.  The  former  is  ef¬ 
fected  by  fimple  electrification,  and  the  latter 

*  , . 

*  Ratio  Medendi,  Vol.  i.  p.  233.  +  Ibid.  p.  3890 

X  Ibid.  Vol.  ii.  p.  200.  §  Ibid. 

jj  Carmichael  Tentamen,  p.  34. 
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by  taking  fparks  from  the  glands,  or  the  parts 
contiguous  to  them ;  on  which  it  ads  like  a 
ftimulus*  Of  the  former,  inftances  have  been 
produced  in  the  experiments  of  the  Abbe  Nol-  * 
let,  and  a  few  have  been  given  occafionally  of 
the  latter. 

To  thefe  I  fhall  now  add,  that  Linnaeus  ob- 
ferved,  that  when  eledric  fparks  have  been 
drawn  from  the  ear,  it  has  inftantly  promoted 
a  more  copious  fecretion  of  ear-wax;  and  that 
it  has  alfo  been  obferved,  that,  when  the  eye, 
or  the  parts  about  the  eye,  have  been  eledri- 
fied,  the  tears  have  flowed  copioufly.  But 
the  moft  remarkable  cafe  that  I  have  met  with, 
is,  of  its  promoting  the  fecretion  of  that  mat¬ 
ter  which  forms  the  hair;  whereby  hair  has 
been  aduaily  reftored  to  a  part  that  had  long 
been  bald  A 

Hitherto  eledricity  has  been  generally 
applied  to  the  human  body  either  in  the 
method  of  drawing  fparks,  as  it  is  called, 
or  of  giving  fliocks  But  thefe  operations 
are  both  violent,  and  though  the  flrong  con- 
cuffion  may  fuit  fome  cafes,  it  may  be  of 
diflervice  in  others,  where  a  moderate  Am¬ 
ple  eledriflcation  might  have  been  of  fer- 
vice. 

The  great  objedion  to  this  method  is 
the  tedioufnefs  and  expence  of  the  applica¬ 
tion.  But  an  eledrical  machine  might  be 
contrived  to  go  by  wind  or  water,  and  a 

#  Carmichael  Tentamen,  p,  33. 
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convenient  room  might  be  annexed  to  it; 
in  which  a  floor  might  be  railed  upon  elec¬ 
trics,  and  a  perfon  might  fit  down,  read, 
fleep,  or  even  walk  about  during  the  electri¬ 
fication.  It  were  to  be  wifhed,  that  fome 
phyfician  of  underftanding  and  fpirit  would 
provide  himfelf  with  fuch  a  machine  and 
room.  No  harm  could  pofiibly  be  appre¬ 
hended  from  eledricity,  applied  in  this 
gentle  and  infenfible  manner,  and  good 
effeCts  are,  at  leaf!,  poftible,  if  not  high¬ 
ly  probable.  It  would  certainly  be  more 
for  the  honour  of  the  faculty,  that  the  prac¬ 
tice  fliould  be  introduced  in  this  manner,  than 
that  it  be  left  to  fome  rich  Valetudinarian, 
who  may  take  it  into  his  head,  that  fuch  an 
operation  may  be  of  fervice  to  him. 
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SECTION  XV. 

Miscellaneous  experiments  and  bis  ’ 

COVERIES  MADE  WITHIN  THIS  PERIOD. 

HAVING  diftributed  into  diftina  fedions 
all  the  fubjeds,  under  which  I  had  col- 
leded  materials  enow  to  form  a  feparate  ac¬ 
count  ;  I  have  referved  for  the  iaft  place,, 
thofe  fmaller  articles,  which  could  neither 
with  propriety  be  introduced  under  the  former 
'  heads,  nor  were  large  enough  to  make  a  fec- 
tion  themfelveB. 

It  has  been  a  great  controverfy  among 
eledricians,  whether  glafs  be  permeable  to 
the  eledric  fluid.  Mr.  Wilton  appeared  in 
favour  of  the  permeability,  and,  in  a  paper 
read  at  the  Royal  Society,  December  the  6th, 
1 759^  produced  the  following  experiments  to 
fupport  his  opinion ;  notwithstanding  he,  even 
afterwards,  acknowledged,  in  a  paper  read  at 
the  Royal  Society,  November  the  13th,  1760; 
that,  in  the  Leyden  experiment,  Dr  Franklin 
had  proved  that  the  fluid  did  not  go  through 
the  glafs  *. 

He  took  a  very  large  pane  of  glafs,  a  little 
warmed  ;  and  holding  it  upright  by  one  edge, 
while  the  oppofite  edge  relied  upon  wax, 
he  rubbed  the  middle  part  of  the  furface 

*  *  Phil.  Tranf,  Vd.  li.  pt.  ii.  p.  896. 
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with  his  finger,  and  found  both  fides  elec¬ 
trified  plus 

Upon  this  I  cannot  help  obferving  that  it 
ought  to  be  fo  on  Dr,  Franklin’s  principles. 
If  one  fide  be  rubbed  by  the  finger,  it  ac¬ 
quires  from  the  finger  fome  of  the  eledric 
fluid.  This,  being  fpread  on  the  glafs  as  far 
as  the  rubbing  extended,  repels  an  equal  quan¬ 
tity  of  that  contained  in  the  other  fide  of  the 
glafs,  and  drives  it  out  on  that  fide,  where  it 
Hands  as  an  atmofphere,  fo  that  both  fides  are 
found  plus .  If  the  unrubbed  fide  were  in 
contad  with  a  condudor  communicating  with 
the  earth,  the  eledric  fluid  would  be  carried 
away,  and  then  that  fide  would  be  left  appa¬ 
rently  in  the  natural  ftate.  If  the  eledric  fluid 
found  on  the  unrubbed  fide  was  really  part  of 
that  which  had  been  communicated  by  and 
from  the  finger,  and  fo  had  adually  permeated 
the  glafs,  it  might,  when  conduded  away, 
be  continually  replaced  by  frefh  permeating 
fluid  communicated  in  the  fame  manner  :  But 
if  the  effed  is  continually  diminifhing,  while 
the  fuppofed  caufe,  repeated,  continues  the 
fame,  there  feems  reafon  to  doubt  the  fup¬ 
pofed  relation  between  that  caufe  and  the 
effed.  For  it  appears  difficult  to  conceive 
how  fome  eledric  fluid,  having  paffed  through 
a  permeable  body,  fhould  make  it  more  diffi¬ 
cult  for  other  particles  of  the  fame  eledric 
fluid  to  follow,  till,  at  length,  none  could  pate 
at  all, 

t- 

#  Phil.  Tranf.  Voh  11.  pt*  i.  p.  314. 
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Mr.  Wilson  alfo  fays,  that,  holding  "the 
fame  pane  of  glafs  within  two  feet  of  the 
prime  conductor,  which  was  ele&rified  plus , 
that  part  of  the  glafs  which  was  oppofite  to 
the  conductor  became  electrified  minus  on  both 
fides  ;  but,  in  a  few  minutes,  the  minus  elec¬ 
tricity  difappeared,  and  the  plus  continuing, 
diffufed  itfelf  into  the  place  of  the  other, 
fo  that  now  the  whole  was  electrified  plus . 

The  experiment  fo  far  fucceeding,  induced 
him  to  make  ufe  of  a  lefs  piece  of  glafs,  that 
the  whole  might  be  electrified  minus .  Thefe 
advances,  he  fays,  led  him  to  obferve  the 
power  of  electrifying  that  fmall  piece  of  glafs 
at  different  difiances. 

He  expofed  the  fame  fmall  piece  of  glafs  to 
the  prime  conductor,  at  the  difiance  of  two  feet, 
and  obfer  ved  a  minus  electricity  at  both  furfaces. 

As  he  moved  the  glafs  nearer,  to  a  certain 
diftance,  it  was  more  fenfibly  electrified 
minus ;  and  after  that,  on  moving  it  ftill 
nearer,  the  minus  appearance  was  lefs  and  lefs 
fenfible;  till  it  came  within  the  diftance  of 
about  one  inch,  and  then  it  was  electrified  plus 
on  both  fides. 

This  plus  electricity  in  the  glafs,  he  found, 
might  be  changed  to  a  minus  again,  by  re¬ 
moving  the  glafs,  and  holding  it  for  a  time 
at  a  greater  diftance ;  which  he  thought  to  be 
i  proof  of  the  repuliive  power  of  that  fluid 

Having  by  him  a  pane  of  glafs,  one  fide 
of  which  was  rough  and  the  other  fmooth,  tie 

*  Phil.  Tranf.  Vol.  11.  pi.  i.  p.  328. 


rubbed 


of  GLASS.  493 

rubbed  it  flightly  on  one  fide;  upon  doing 
which,  both  Tides  were  eledlrified  minus . 

On  this  I  mull  alfo  take  the  liberty  to  ob~ 
ferve  that,  as  the  elefiric  fluid  contained  in 
glafs  in  its  natural  ftate,  is  kept  equal  in  both 
Tides  by  the  common  repulfion ;  if  the  quan¬ 
tity  in  one  fide  is  diminifhed,  the  fluid  in  the 
other  fide,  being  lefs  repelled,  retires  inward, 
and  leaves  that  furface  alfo  minus . 

Slight  changes,  plus  or  minus ,  may  be 
made  in  either  furface,  that  have  not  ftrength 
to  adt  on  the  other  fide,  by  repulfion,  or  by 
abating  repulfion,  through  the  glafs ;  and  fo 
plus  electricity  may  be  given  to  one  furface, 
and  minus  to  the  other  in  feme  degree.  Both 
Tides  may  alfo  be  made  plus*>  and  both  minus , 
by  rubbing,  or  by  communication,  without 
any  neceffity  of  fuppofing  the  glafs  permeable. 

And  yet  it  is  probable  that  fome  glafs, 
from  having  a  greater  mixture  of  non-eledtric 
matters  in  its  compofition,  may  be  permeable, 
when  cold,  in  fome  final  1  degree,  as  all  glafs  is 
found  to  be  when  warmed. 

Mr.  Wilson  treated  the  other  fide  of  this 
pane  of  glafs  in  the  fame  manner,  after  which 
the  minus  electricity  was  changed  into  a plus 
on  both  Tides. 

Though  Dr,  Franklin  was  of  opinion,  that 
glafs  when  cold  is  not  permeable  to  eledtricity, 
he  had  made  no  experiments  upon  it  when 
hot;  but  Mr,  Kinnerfley,  a  friend  of  his, 
made  one,  which  feemed  to  prove,  that  it  was 
very  differently  affedied  in.  this  refpedt,  in  the 
different  ftates  of  hot  and  cold.  He  found, 

that 
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that  a  coated  Florence  fiafk  (made  of  very 
thin  glafs,  and  full  of  air  bubbles)  containing 
boiling  water,  could  not  be  electrified.  The 
electricity,  he  fays,  pafled  as  readily  through 
it  as  through  metah  The  charge  of  a  three 
pint  bottle  went  freely  through  it,  without  in¬ 
juring  the  fiafk  in  the  leaft.  When  it  be¬ 
came  cold,  he  could  charge  it  as  before.  This 
effeCt  he  attributed  to  the  dilatation  of  the 
pores  of  glafs  by  heat 

All  Mr.  Wilfon’s  experiments  to  prove 
the  permeability  of  glafs  were  repeated  by 
Mr.  Bergman  of  Upfal ;  and,  as  he  fays,  with 
fuccefs  j\ 

Mr.  jEpinus,  however,  was  by  no  means 
fatisfied  with  Mr.  Wilfon’s  experiments  con¬ 
cerning  the  permeability  of  glafs ;  and  yet  he 
brings  no  other  faCt  in  anfwer  to  his  argu¬ 
ments,  but  a  very  common  one,  which  fhows 
that  a  glafs  tube  both  receives  and  lofes  its 
eleftricity  very  flowly ;  fo  that  he  only  afferts 
a  difficulty ,  and  a  Jlownefs  in  the  eleCtric  fluid 
paffing  through  eleCtric  fubftances,  as  was 
mentioned  before ;  and  confequently  Mr. 
Wilfon  feems  to  have  an  advantage  in  the 
controverfy  :  for,  as  he  fays,  paffing  through, 
though  ever  fo  flowly,  is  a  real  paffing 
through  X- 

Mr.  jEpinus  has  fhown,  by  a  curious  ex¬ 
periment,  that  though  a  metallic  conductor 
and  a  cork  ball  be  both  electrified  pofitively, 

*  Phil.  Tranf.  Vol.  liii.  pt.  i.  p.  85. 

f  Ibid.  Vol.  lii.  pt.  ii.  p.  485. 

|  Ibid.  Vol.  liii.  p.  443, 
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fo  as  to  repel  one  another ;  yet,  that,  if  the 
ball  be  forcibly  brought  within  two,  three,  or 
four  lines  of  the  conductor,  it  will  be  attract¬ 
ed  by  it  ;  and  that  it  will  be  repelled  again,  if 
it  be  forcibly  puflied  beyond  that  limit  of  at¬ 
traction.  If  the  ball  be  confined  to  move 
within  the  fame  final  I  diftance,  a  moderate 
electrification  of  the  conductor  will  repel  the 
ball  to  its  utmofi  limit ;  but  a  ftronger  elec¬ 
trification  of  the  conductor  will  caufe  it  to  be 
attracted.  He,  therefore,  limits  the  general 
maxim,  that  bodies  poffeffing  the  fame  kind 
of  electricity  repel  one  another ;  and  aflerts, 
that  this  will  be  the  cafe,  only  when  the  quan¬ 
tity  of  eleCtric  fluid  belonging  to  them  both* 
as  one  body  is  greater,  or  lefs  than  that  which 
is  natural  to  them  T  This  experiment  de- 
ferves  particular  attention. 

Sign i or  Be cc aria,  who  has  contributed 
fo  largely  to  feveral  former  feCtions  in  this  pe¬ 
riod,  furnifihes  a  few  articles  which  well  de- 
ferve  a  place  in  this. 

He  thought  it  was  evident,  that  the  elec¬ 
tric  fluid  tended  to  move  in  a  right  line,  be- 
caufe  a  longer  fpark  may  be  taken  in  a  direCt 
line,  from  the  end  of  a  long  conductor,  than 
can  be  taken  from  the  fame  place  in  any  other 
direction.  But  he  thought  it  was  fall  more 
evident,  from  obferving,  both  in  the  air,  and 
in  vacuo ;  that,  prefenting  the  finger,  or  a 
brafs  ball,  at  a  proper  diftance,  and  in  a  cer¬ 
tain  angle  with  the  conductor  (which  expert- 
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ence  will  foon  find)  the  eledtric  fpark  will 
make  an  exad:  curve,  to  which  the  conductor 
produced  will  be  a  tangent :  as  if  the  elec¬ 
tric  matter  was  adted  upon  by  two  different 
forces,  one  its  own  acquired  velocity,  urging 
it  forward  in  a  right  line ;  the  other  the  attrac¬ 
tion  of  the  body  preferred  to  it,  which  throws 
it  out  of  the  right  line 

In  his  obfervations  on  pointed  bodies,  he 
fays,  that  two  pointed  bodies,  equally  fharp, 
in  their  approach  to  an  eledtrified  condudtor, 
will  appear  luminous  only  at  half  the  dis¬ 
tance  at  which  one  of  them  would  have 
done  f . 

The  fame  ingenious  philofopher  reports  a 
curious,  but  cruel  experiment  which  he  made 
on  a  live  cock.  He  detached  the  belly  of  one 
of  the  mufcles  from  the  thigh  of  the  animal, 
leaving  the  extremities  in  their  proper  infer- 
tions,  and  then  difcharging  a  fhock  through 
it.  At  the  inftant  of  the  ftroke,  the  leg  was 
violently  diftended,  and  the  mufcle  greatly 
inflated ;  the  motion  beginning  at  the  tendon, 
and  the  extenfion  of  it  refembling  the  open¬ 
ing  of  a  lady’s  fan.  No  pricking  with  a  pin 
could  make  it  a£t  fo  ftrongly 

I  must  not  omit  to  mention,  in  this  chap¬ 
ter  of  mifcellaneous  experiments,  what  the 
Dutch  writers  have  reported  concerning  the 
gymnotus,  a  fifh  peculiar  to  Surinam,  which 
very  much  refembles  what  naturalifts  relate 
concerning  the  torpedo.  Mr.  Mufchenbroeck 

*  Elettricifmo  artificiale,  p.  56.  f  Ibid,  p.  67. 

|  Letters  dell*  elettricifmo,  p.  129* 

fays, 
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fays,  the  gymnotus  is  poffeffed  of  a  kind  of 
natural  electricity,  but  different  from  the  com¬ 
mon  electricity,  in  that  perfons  who  touch  it 
in  water  are  fhoeked,  and  (tunned  by  it,  fo 
as. to  be  in  danger  of  drowning.  The  fifh 
has  been  taken,  and  put  into  a  veffel ;  -when 
experiments  were  made  upon  it  at  leifure ; 
and  it  wTas  found,  that  it  might  be  touched 
with  all  fafety  with  a  (tick  of  fealing-wax ; 
but  if  it  was  touched  with  the  naked  finger, 
or  with  a  piece  of  metal,  and  efpecialiy  a  gold 
ring,  held  in  the  fingers,  the  arm  was  {hock¬ 
ed  as  high  as  the  elbow.  If  it  was  touch¬ 
ed  with  the  foot,  the  fenfation  reached  as  high 
as  the  knee,  and  the  pain  was  as  great  as 
if  the  part  had  been  (truck  with  fomething 
hard.  This  kind  of  electricity  is  the  fame  by 
night  or  by  day,  when  the  wind  is  in  every 
direction,  when  the  fifh  was  put  in  veffel  s 
of  any  materials,  and  whether  it  was  in  wa¬ 
ter  or  out  of  w*ater.  Every  part  of  the  body 
of  the  fifh  is  capable  of  giving  this  fhock,' 
but  more  efpecialiy  the  tail.  The  fenfation 
is  the  ftrongeft  when  the  fifh  is  in  motion, 
and  it  is  tranfmitted  to  a  great  diftance;  fo 
that  if  perfons  in  a  fhip  happen  to  dip  their 
fingers  or  feet  in  the  fea,  when  the  fifh  is 
fwimming  at  the  diftance  of  fifteen  feet 
from  them  they  are  affeCted  by  it.  Other 
fifties,  put  into  the  fame  veffel  with  it,  pre- 
fently  died ;  but  it  is  itfelf  killed  by  the 
lobfter.  The  gymnotus  is  found  in  the  upper 
part  of  the  river  of  Surinam,  particularly  the 
1  K  k  rocky 
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rocky  part  of  it.  It  feeds  upon  all  kinds  of 
fifh,  and  will  even  eat  bread.  This  author 
propofes  as  a  query  whether  the  fenfation  com¬ 
municated  by  the  torpedo  does  not  depend 
upon  a  fimilar  eledricity ;  flnce  Monlieuf 
Reaumur  fays,  that  when  it  is  touched,  the 
hand,  arm,  and  fhoulder  are  feized  with  a 
fudden  ftupor,  which  iafts  for  fome  time ;  and 
is  unlike  any  other  fenfation 

This  gymtiotiis,  I  fuppofe,  is  a  different 
fifh  from  the  Angtdlle  tremblante ,  the  trembling 
eel)  which  is  alfo  a  native  of  Surinam,  and 
lives  in  marfhy  places,  from  whence  it  can¬ 
not  be  drawn,  except  when  it  is  intoxicat¬ 
ed.  It  cannot  be  touched  with  the  hand, 
©r  with  a  flick,  without  feeling  a  terrible 
ftim,  which  reaches  as  high  as  the  fhoulder. 
If  it  be  trod  upon  wdth  fhoes,  the  legs  and 
thighs  are  affeded  in  a  fimilar  manner.  Four¬ 
teen  perfons  joining  hands,  and  the  firft  of 
them  touching  it  with  a  flick,  they  were  all 
fhocked  violently.  It  is  conjedured  that  this 
power  of  giving  a  fhock  refides  in  two  mufcies, 
which  are  particularly  prominent  and  confpi- 
cuous  f. 

It  is  to  be  regretted,  that  none  of  the  per¬ 
fons  who  have  made  experiments  on  thefe 
fifhes  fhould  have  endeavoured  to  afcertain 
whether  they  were  capable  of  exhibiting  the 
phenomena  of  attraction  and  repulfion,  or 

*  Mufchenbroeck’s  Introd.  ad  philofoph.  naturalem,  No. 
901 — 909. 

f  f.  Fermin’s  Nat.  Hill,  of  Surinaon  p.  £9, 
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the  appearance  of  eledric  light,  as  experi¬ 
ments  of  this  kind  are  of  principal  confe- 
quence,  and  muft  have  been  very  eafy  to 
make. 

Mr.  Hamilton,  profeflor  of  Philofophy 
at  the  univeriity  of  Dublin,  made  a  curious 
experiment  with  a  wire,  five  or  fix  inches  long, 
finely  -pointed  at  each  end.  To  the  middle 
of  this  wire  he  fitted  a  brafs  cap,  which  reft- 
ed  on  the  point  of  a  needle  communicating 
with  the  conductor.  Half  an  inch  at  each 
extremity  of  this  wire  he  bent,  in  oppofite 
directions,  perpendicular  to  the  reft  of  the 
wire,  and  in  the  plane  of  the  horizon.  The 
confequence  of  electrifying  this  apparatus 
was,  that  the  wire  would  turn  round  with 
very  great  velocity ;  moving,  as  he  fays,  al¬ 
ways  in  a  direction  contrary  to  that  in  which 
the  electric  fluid  ifiues  from  its  point,  with¬ 
out  having  any  conducting  fubftance  near  it, 
except  the  air.  He  alfo  obferves,  that  if  this 
wire  were  made  to  turn  the  contrary  way,  it 
would  flop,  and  turn  as  before  *. 

The  fame  experiment  was  alfo  made  by 
Mr.  Kinnerfiey  of  Bofton,  with  this  addition, 
that  he  electrified  the  wire  negatively ;  and 
obferved,  to  his  great  furprize,  that  it  ftill 
turned  the  fame  way.  This  he  endeavoured 
to  account  for  by  fuppofing  that,  in  the  former 
cafe,  the  points,  having  more  electricity  than 

#  Phil.  Tranf.  Vol.  li.  pt.  ii.  p.  905. 
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the  air,  were  attraded  by  it ;  in  the  latter  cafe, 
the  air,  having  more  than  the  points,  was  at¬ 
traded  by  them 

It  may,  by  fome,  be  thought  that  this 
pointed  wire  turning  the  fame  way,  whether 
it  be  electrified  negatively  or  positively,  is  a 
proof  that  the  eledric  fluid  iffues  out  at  the 
points  in  both  cafes  alike,  and  by  the  read  ion 
of  the  air  is,  together  with  the  points,  driven 
backwards  ;  contrary  to  what  ought  to  have 
been  the  cafe  if  the  electric  fluid  had  really 
iffued  out  of  the  point  in  one  cafe,  and  en¬ 
tered  it  in  the  other.  But  it  will  be  found 
by  experiment,  that  an  eolipile,  with  its  (lem 
bent  like  the  wire  above  mentioned,  and  fuf- 
pended  on  its  center  of  gravity  by  a  fine 
thread,  will  move  in  the  fame  diredion, 
whether  it  be  throwing  fleam  out  at  the  ori¬ 
fice  ;  or,  after  it  is  exhaufted,  and  cooling,  it 
be  drawing  the  air  or  water  in, 

W  iT  H  refped  to  the  power  of  points,  it  has 
been  obferved  by  Mr.  Yillette  of  Liege,  that 
a  needle,  concealed  in  a  glafs  tube,  which 
projeded  an  inch  beyond  it,  takes  a  ftronger 
fpark  from  a  prime  condudor  than  a  man’s 
finger ;  alfo  that  when  the  points  of  needles 
are  covered  with  tallow,  bees-wax,  Sulphur, 
&c.  they  take  peculiarly  ftrong  fparks.  He 
adds,  that,  when  fulphur  is  ufed,  and  the 
fparks  are  taken  obliquely,  they  are  fometimes 
of  a  beautif  ul  citron  colour  f. 

*  Phil  Tranf.  Vol.  liii.  pt.  i,  p.  86. 

f  NolieCs  Letters,  Vol.  iii.  p.  212. 
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Mr.  Lullin  has  made  an  additional  ob- 

I  ' 

fervation  toMonfieur  du  Fay’s,  concerning  the 
different  manner  in  which  conducting  and 
non-eondu&ing  fubftances  are  afreCted,  when 
they  are  expofed  to  the  dew.  He  fays,  that 
if  a  plate  of  glafs  be  extended  upon  filken 
threads,  and  expofed  to  the  open  air  all  night, 
and  a  plate  of  metal,  lefs  than  the  glafs,  be 
laid  upon  it,  in  the  morning,  the  metal  will  be 
dry,  and  likewife  the  glafs,  on  both  tides, 
exadly  under  the  metal ;  but  that  the  edges 
of  the  glafs,  where  the  metal  did  not  reach,  will 
be  wet  on  both  fides  % 

* 

I  shall  clofe  this  feCtion  of  mifcellane- 
ous  articles,  and  the  whole  hiftory  of  electri¬ 
city,  with  a  fuccinCt  account  of  fome  of 
the  chief  particulars  in  which  the  analogy  be¬ 
tween  electricity  and  magnetifm  confifts ;  very 
nearly  as  it  was  drawn  up,  in  an  abridg¬ 
ment  of,  Mr.  JEpinus,  and  communicated  to 
me  for  this  purpofe  by  Dr.  Price. 

1.  As  a  rod  of  iron  held  near  a  magnet  will 
have  feveral  fucceffive  poles  ;  fo  will  a  glafs 
tube  touched  by  an  excited  tube  have  a  fuc- 
ceffion  of  politive  and  negative  parts. 

2.  Bodies  pofxtively  and  negatively  eledri- 
cal,  when  in  contact,  will  unite  to  one  an¬ 
other  ;  as  will  magnets,  when  they  are  laid 
with  their  oppofite  poles  to  one  another. 

#  Nollet’s  Letters,  Vol.  ill.  p.  54. 
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3.  Glass  is  a  fubftance  of  a  nature  fimilar 
to  hardened  fteel.  The  pofitive  and  negative 
tides  of  the  former  anfwer  to  the  attracting 
and  repelling  ends  of  the  latter,  when  magne- 

tical. 

4.  As  it  is  difficult  to  move  the  eledric  fluid 
In  the  pores  of  the  former ;  fo„  likewife,  it 
Is  difficult  to  move  the  magnetic  fluid  in  the 
pores  of  the  latter, 

5.  As  there  can  be  no  condenfation  of  the 
eledric  fluid  in  the  former,  without  a  rare- 
fadion ;  fo,  in  the  latter,  if  there  be  a  con¬ 
denfation,  or  pofitive  magnetifm  in  one  end 
of  a  bar,  there  muft  be  an  evacuation,  or  ne¬ 
gative  magnetifm  in  the  other  end. 

6.  Steel  correfponds  to  eledrics  per  fe, 
and  iron  in  fome  meafure,  to  condudors  of 
dedricity. 

7.  Steel  is  lefs  fufceptible  of  the  magnetic 
virtue,  but  when  it  has  acquired  it,  it  retains 
it  more  ftrongly  than  iron;  juft  as  eledrics 
per  fe  will  not  fo  eafily  receive  the  eledric  fluid, 
but,  when  it  is  forced  into  them,  will  retain  it 
more  ftrongly  than  condudors. 

8.  Mr.  jEpinus  adds,  and  reckons  it  one 
of  his  difcoveries,  that  an  eledrified  body  does 
not  ad  on  other  bodies,  except  they  are  t hem¬ 
ic  Ives  eledrified ;  juft  as  a  magnet  will  not  ad 
on  any  other  fuhftances,  except  they  are  them- 
felves  poffeffed  of  the  magnetic  virtue.  So 
that  an  eledrified  body  attracts  and  repels  an¬ 
other  body,  only  in  confequence  of  rendering 
it  firft  of  all  eledrical ;  as  a  magnet  attrads 

iron, 
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iron,  only  in  confequence  of,  fir II  of  all 
making  it  a  magnet. 

9.  Mr.  Canton  has  alfo  found,  that  if  the 
tourmalin  be  cut  into  feveral  pieces,  each 
piece  will  have  a  pofitive  and  negative  fide, 
juft  as  the  pieces  of  a  broken  magnet  would 
have. 

Thus  far,  fays  Dr.  Price,  there  is  an  ana¬ 
logy,  and,  in  fome  inftances,  a  ftriking  one, 
between  magnetifm  and  eledricity,  upon  the 
fuppofition  that  the  caufe  of  magnetifm  is  a 
fluid.  But  there  is  no  magnetic  fubftance 
which  anfwers  perfedly  to  the  conductors  of 
eledricity.  There  is  no  afflux  or  efflux  of  the 
magnetical  fluid  ever  viiible.  The  equilibrium 
in  a  magnet  cannot  be  inftantaneoufly  reftored, 
by  forming  a  communication  between  the  op¬ 
posite  ends  with  iron,  as  it  may  in  charged 
glafs.  Nor  are  there  any  fubftances  pofi  lively 
or  negatively  magnetical  only,  as  there  are 
bodies  which  are  pofitivelyor  negatively  elec¬ 
trical  only. 
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